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EDUCATION IN THE FIELD OF OCEANOGRAPHY 


TUESDAY, AUGUST 25, 1959 


House or REPRESENTATIVES, 
SUBCOMMITTEE ON Eartu SCIENCES OF THE 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Washington, D.C. 

The committee met at 10 a.m. in room 214~-B, New House Office 
Building, Hon. Overton Brooks (chairman of the subcommittee) 

residing. 
, The eins, The committee will come to order. 

The committee has under consideration this morning H.R. 6298. 

(The bill referred to follows :) 


[H.R. 6298, 86th Cong., 1st sess.] 


A BILL To amend the National Science Foundation Act of 1950 to provide financial 
assistance to educational institutions for the development of teaching facilities in the 
field of oceanography, and to provide fellowship for graduate study in such field 


Be it enacted by the Senate and House of Representatives of the United 
States of America in Congress assembled, That the National Science Foundation 
Act of 1950 is amended by redesignating sections 15, 16, and 17 as sections 16, 
If, and 18, respectively, and by inserting after section 14 the following new 
section : 


“ASSISTANCE TO EDUCATIONAL INSTITUTIONS AND GRADUATE STUDENTS FOR THE 
TEACHING AND STUDY OF OCEANOGRAPHY 


"Seo, 15. (a) (1) The Foundation, in carrying out its function of promoting 
education in the sciences, is authorized to make grants to accredited nonprofit 
institutions of higher education to assist them in carrying out programs for the 
acquisition and development of facilities for the teaching of oceanography. 

“(2) To be eligible for a grant under this subsection, an institution of higher 
education must submit to the Foundation an application setting forth a pro- 
gram, for the acquisition and development of new or additional facilities for 
the teaching of oceanography, which meets standards established in regulations 
prescribed by the Foundation. Such application shall contain adequate assur- 
ances that any grant under this subsection will be used only for faculty salaries, 
equipment, and other expenses arising from or attributable to such program, 
and that the institution will comply with the regulations prescribed by the 
Foundation to carry out this subsection. 

“(8) Grants under this subsection shall be awarded in such amounts and to 
such institutions as will result, in the judgment of the Foundation, in the most 
rapid and effective expansion of facilities for the teaching of oceanography at 
tll appropriately located institutions throughout the United States, giving par- 
ticular consideration to institutions which can provide for their students who 
are studying or preparing for study in the field of oceanography the most well- 
rounded education in the related basic sciences and the practical advantages 
of affiliation or association with marine laboratories and other related research 
organizations. 

“(4) The regulations prescribed by the Foundation to carry out this subsection 
thall include provisions designed to insure that such grants are used only in the 
manner and for the purposes set forth in this subsection, but shall not otherwise 
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provide for or permit any interference with or control of the faculty op tw. 
riculum of any institution to which such a grant is made. 

“(5) In the event of the failure of any institution of higher education to COMpiy 
with the regulations prescribed by the Foundation to carry out this Subsection 
the Foundation may terminate or suspend any further payments to such instity. 
tion under this subsection. 

“(b) (1) The Foundation, in carrying out its functions set forth in 
3(a) (4) and to assist in meeting the need for increased numbers of q 
oceanographers, is authorized to award graduate fellowships for study ip the 
field of oceanography. Except as specifically provided in this subsection 
fellowships shall be awarded in the manner and subject to the conditions pr 
vided in section 10 and the regulations prescribed by the Foundation thereunde, 

“(2) The fellowships provided for in paragraph (1) shall not exceed ¢ 
(which shall be in addition to any fellowships awarded under section 10) 
any one year, and any such fellowship shall be available only for enrollment j 
a graduate program of study in oceanography, for an aggregate period not excgy, 
ing five years, at one or more accredited nonprofit institutions of higher eduq 
tion selected by the student and approved by the Foundation upon its determin, 
tion that the program of study in oceanography at each such institution meg 
standards established in regulations prescribed by the Foundation, 

“(3) Each person awarded a fellowship under this subsection shall recejy 
for each academic year thereunder a stipend of not less than $3,500 nor more thy 
$4,000, which shall be payable in such manner and at such time or times ag 
be provided in regulations prescribed by the Foundation, and which shall be py. 
able only during such period as the Foundation finds that he is maintaining gat, 
factory proficiency in (and devoting essentially full time to) the program ¢ 
study for which the fellowship was awarded. 

“(e) Notwithstanding any other provision of law, the Foundation may mj 
grants to an institution of higher education as described in subsection (a) unie 
an agreement providing that such grants will be made (subject to subsectiy 

(a) (5)) over a period of years sufficient to permit the full development of th 
program set forth in its application made under that subsection, and may away 
fellowships as described in subsection (b) under an agreement providing thy 
the stipends thereunder will be paid (subject to subsection (b)(3)) over th 
full period of the fellowship. 

“(d) Of the amounts appropriated for any fiscal year pursuant to section ij 
not more than $500,000 shall be available for grants under subsection (a) of thi 
section and not more than $300,000 for graduate fellowships under subsection (}) 
of this section.” 

Src. 2. (a) Section 10 of the National Science Foundation Act of 1950} 
amended by striking out “section 17” and inserting in lieu thereof “section 1f 

(b) Section 17(b) (1) of such Act (as redesignated by the first section of thi 
Act) is amended by striking out “section 15(h)” and inserting in lien there 
“section 16(h)”’. 


The Cuarrman. In view of the many new approaches to scientift 
problems and new techniques being developed in the earth sciences 
it appears that it would be of great interest and great benefit to the 
scientific community and to the Congress, as well as lay citizens, thi! 
this committee should make a study of the earth sciences. Accor: 
ingly, I have —- a special subcommittee known as the Subeon- 
mittee on Earth Sciences. 

The primary and basic earth sciences are geology, geophysics, ger 
chemistry, oceanography, and meteorology. No doubt at. present om 
educational institutions and scientists are devoting greater attentia 
to geophysics and geochemistry, and we find that many new tech: 
niques for the application of physics and chemistry to the study 0! 
the earth have resulted in giving these two fields added impetus. 
scientific community feels, however, that the study of ocean 
and meteorology are both presently lagging behind the other areis 
The importance of the earth sciences can be readily noted by a remit 


of the Berkner Commission report dealing with the Geneva 
having to do with the detection by seismology of atomic tests. 
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report of this Commission calls for a further study of underground 
seismology, a subdivision of our main colegney of geophysics. The 
very nature of the difficulty of detection of such atomic tests shows 
that this requirement is a pressing need from the standpoint of 


We in the Science and Astronautics Committee have a very definite 
interest in the area of meteorology, with reference, particularly, to 
our space program and the weather satellite. In the practical appli- 
cation of these areas of science, all of us are familiar with the ever- 
increasing perfection of geology and its ¥ rahe in industry, with 
particular reference to the oil and gas industry. In the field of ocea- 
nography, few of us realize that two-thirds of the earth’s surface is 
covered ti the waters of the sea, and that these waters themselves 
play a major role in governing our climate, providing transportation 
| nourishment, and traditionally they have provided protection 

inst military attack. It is with this in mind that we have sched- 
ved these hearings on the earth sciences and that we open this series 
of hearings with a ae on oceanography this morning. 

Our first witness is Dr. Gordon A. Riley, associate director, Bing- 
ham Oceanographic Laboratory, Yale University, and a member of 
the National Academy of Sciences—National Research Council Ad- 
visory Committee on Oceanography. 

We are happy to have Dr. Riley here this morning. As I under- 
stand it, the doctor’s statement will be more or less general, covering 
the field of earth sciences. 

Mr. Hecuter. Before you begin, would you care to add the oil and 
gas industry to the coal industry in your statement? 

The Cuarrman. That should be added; that is correct. We have a 
resolution, by the way, before this committee covering the coal in- 
dustry, and one covering the oil and gas industry. 

Mr. Hecuter. Thank you, Mr. Chairman. 

The Cuarmman. Dr. Riley, do you have a prepared statement? 


STATEMENT OF DR. GORDON A. RILEY, MEMBER OF THE NATIONAL 
ACADEMY OF SCIENCES—NATIONAL RESEARCH COUNCIL ADVI- 
SORY COMMITTEE ON OCEANOGRAPHY, AND ASSOCIATE DI- 
RECTOR, BINGHAM OCEANOGRAPHIC LABORATORY, YALE 
UNIVERSITY 


Dr. Rizxy. Yes; I do. My statement was 
on this bill, H.R. 6298. Would you like me to read the prep 
statement first ? 

The Cuarrman. Yes. I think that that would be preferable. 

Dr. Ruxy. Then I will talk a little about the problems of ocea- 
nography and geophysics in general. 

you know, the Committee on Oceanography of the National 

Academy of Sciences has recommended that rather large sums be 
appropriated to subsidize both the teaching of natseatic, y and the 

port of competent graduate students. We recommended that the 


su 

fellowship program be handled through the National Science Founda- 
tion. We were aware that our recommendation violated certain poli- 
ies of the Foundation with respect to the size of the mi requested 
and particularly with respect to singling out a certain 
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support. We expected some opposition. Indeed, I tell you frankly 
that the recommendation, although deemed necessary, was repugnanj 
to some members of our committee. We and the National Scieng 
Foundation are essentially the same kind of people. Trained in th 
university tradition, we respect all kinds of scholarly endeavor ang 
can find no scholarly reason for favoring any one discipline. 

Why, then, did we vote this recommendation? There are two re. 
sons. One can be disposed of quickly because it has already bee, 
given so much space in our report. We are deeply convinced tha 
our country’s defenses will be more secure, and our long-term eo. 
nomic status will be more sound, if there is a considerable expansion 
of oceanographic effort during the next few years. We believe this 
to be a practical need which must override purely academic consider. 
tions. The expansion that we urge can only be accomplished by pro. 
ducing more oceanographers than we are able to produce now. 

In the second place, oceanography, and to some extent other inter. 
disciplinary fields, such as meteorology and geophysics, are handi- 
capped in their efforts to support their graduate students, as com. 
pared with basic disciplines such as physics and biology. We ar 
poor relations, and the money that we are requesting for student sup. 
port is necessary in order to correct the situation. 

The reasons why this is so are complicated. To make you unde. 
stand the picture clearly I need to tell you how we go about producing 
oceanographers and how our graduate students are supported. 

You palahend, of course, that oceanography is a concerted attack 
by any and all sciences on problems of the ocean. A competent 
oceanographer must have a thorough grounding in a basic science 
of his choice and as much knowledge of the others as he can acquire 
within the framework of ordinary academic training. If a young 
man has been well advised, he takes care of these prerequisites at the 
undergraduate level, but often we must require students to make 
deficiencies in graduate school, thus adding to the length of ther 
training period. As to graduate training in oceanography, I quote 
a paragraph from chapter 8 of the Committee report. I think itis 
permissible to rae this in a personal statement, since I wrote the 
paragraph myself. 

The type of graduate education varies widely. Some universities offer a ful 
course and a degree in oceanography. Others offer a degree in a basic scientific 
discipline, with the oceanographic program consisting of two or three courses 
and thesis supervision. Opinions differ as to whether the major emphasis at 
this level of training should be on the basic dicipline or on the more specialized 
professional aspects of oceanography. Thus, the young oceanographer is nota 
standardized product. This is probably a healthy situation in any interdisciplit 


ary profession, leading to diversification of knowledge, interests, and technical 
skills. However, it must be admitted that thorough education in both oceano 


raphy and basic science cannot be accomplished within the usual span of gradi | 


ate study. Postgraduate study and on-the-job training are generally necessary. 


In short, it is a long and grueling course, and it is made more s0}y 
the fact that the fieldwork associated with thesis research is likely to 
be more time-consuming than the laboratory experiments of the bast 
disciplines. 

Next let us consider the problem of financial support; first, in 
eral terms of graduate students in all disciplines. Most of thet 
earn their living as teaching assistants. This is part-time work 
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19 to 18 hours a week—supervising undergraduate laboratories, grad- 
ing papers, and other menial but necessary teaching chores. The salary 
ig not magnificent; $1,500 to $2,000 a year plus tuition is typical of 
most universities. 

Then there are research assistantships, paying about the same or 
alittle more and generally requiring about the same amount of work. 
These are mainly derived from grants and contracts obtained by 
departmental staff members, the majority from Federal sources of one 
sortor another. j 

Thirdly, there is a graduate student elite class. The most brilliant 
5 to 10 percent can win fellowships from the university or from 
several Government agencies. These generally pay a little more than 
teaching assistantships and require no supporting work. 

These are the maim sources of financial aid, although a number of 
minor sources are discovered from time to time. In almost every 
case there is rather minimal support for one person. A couple can 
live in reasonable comfort if the spouse has a job. But there is hardly 
a professor in the land who has not faced the dreary spectacle of a 
student with a pregnant wife. What should be a source of great 
happiness in any family is a dreaded occurrence in the life of a 
es student. It generally means dropping out of school, or a 
proverty-pinched, prolonged existence at the graduate level while the 
student spends extra hours earning money and has less time for 
studies, 

Most of these young people see it through, for better or for worse, 
because they are dedicated scientists. But is it right to turn our 
intellectual elite into second-class citizens? And, if we want to in- 
crease our output of scientists to any great extent, we are going to 
have to promote them to the status of first-class citizens. This is a 

neral indictment of the whole system—all of the disciplines—but 
it is the kind of thing our Committee had in mind when we recom- 
mended stipends of $3,500 to $4,000 a year. 

Now for the particular problems of the oceanographers. One uni- 
versity has an undergraduate curriculum in oceanography, but all 
other university departments of oceanography are exclusively for 
graduate students. With no undergraduates to teach, these students 
are deprived of what otherwise would be their readiest source of in- 
come. 

In my own university, prospective oceanographers are members of 
a basic discipline and are eligible for teaching assistantships. But 
here, as in strictly oceanographic departments, there is another prob- 
lem. Three of our current roster of seven graduate students are con- 
ducting or have conducted their theses research under circumstances 
which preclude their supoprt by teaching or research assistantships. 
One spent a year at ice island T-3 in the Arctic and is now at weather 
station Alert. One did his research in the waters of Bermuda. A 
third is working not far away in Connecticut waters, but so intensive- 
ly during certain seasons that he cannot maintain a schedule of as- 
signed work at the university. Thus, nearly half of our students 
have been cut off from the common sources of income for a consider- 
able part of their graduate student career. We have managed to. 
support them in one way or another, often with considerable sacrifice 
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of private funds that we would prefer to spend otherwise. The point 
is that we cannot expand significantly without outside support. 

All of these difficulties could be removed by enactment of HR 
6298. Under the present system we decide in departmental staff megt. 
ing whom we will recommend for fellowships from NSF or othe 
agencies. They are the top 10 or 15 percent of our student body, 
We know that there is no point in recommending a man unless yp 
can recommend him highly. With limited funds, NSF must pig 
the best le. 

But al of our students who make the grade are competent people 
They are required to demonstrate scholarly knowledge and imaging. 
tion in research. Our recommendation emphasizes that all such sty. 
dents should be eligible for support if we are unable to take care of 
them in other ways. 

I recall a graduate student who was with me for 2 years some time 
ago. He acquired family responsibilities. We had no job at the 
time that would support him properly, so he went to another uyj- 
versity. He took an almost full-time job as a research assistant. He 
managed to take a course or two from time to time and did a littl 
thesis research when he could. This year he got his Ph. D. after 1 
years as a graduate student. He is going to be an able and dedicated 
scientist, although admittedly he was only an average student. This 
is the kind of man who desperately needs H.R. 6298. 

Finally, I mention briefly the other recommendation—for Federal 
support of teaching facilities. Without going into the situation fully, 
let. me just say this: Already, universities have found themselves un- 
able to maintain adequate teaching staffs with private funds, h- 
creasingly, junior staff members are being supported by Federal re 
search grants and contracts. It isan awkward situation, fraught with 
insecurity. It will become more awkward with further expansion 
of teaching facilities. Our recommendation simply asks for honest 
recognition of the importance of teaching, and financial support on 
a ciently long-term basis so that the universities, in turn, can 
guarantee salaries for a specified contract period. 

The Cuarrman. Doctor, we want to thank you for a very fine 
statement. Youare from Yale University ? 

Dr. Ritzer. That is right, sir. 

The Cuairman. You are directly connected there with the ocea- 
nographic laboratory 

“Dr. Riey. Yes. 

The CuamrMan. How long have you been connected with the ocea- 

nographic laboratory ? | 
r. Ruy. Practically all of career, except for a short time 
during the war years. 


The CuarrmMan. Have you had experience generally with the earth | 


sciences 

Dr. Riey. I have no immediate personal experience. I am pr 
marily a biological oceanographer, but it is necessary in our field to 
know what other people in the field are doing, so in conversations with 
them I have learned a little bit. : 

The Carman. Can you give us a general statement regarding 


earth sciences? Tell us what it covers generally, if you can. Give | 
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ys in a general and brief way an idea of the program we have to out+ 
jine for this committee in the time that lies ahead. : 

Dr. Ruey. The earth sciences include all of the studies of the crust 
of the earth and its interior, the atmosphere and the oceans that cover 
the earth, and it goes beyond that into a study of problems of astron- 
omy and other aspects of space science. 

e CHAIRMAN. Does it cover things like mining? When we refer 
to seismographic activities, it covers that, does it not? 

Dr. Ruey. It covers seismographic activities and geological studies, 
allof which are essential in the promotion of mining. 

The CuarrMAN. Also it is essential in the location of earthquakes 
and things of that sort ? 

Dr.Rmey. Yes 

The CuarrMAN. Likewise, it might be very important in determin- 
‘no or detecting atomic blasts ? 

Dr. Ruzy. Yes. 

The CuarmMan. To that extent it would be interesting as a weapon 
of defense or instrument of defense; is that not so? 

Dr. Ruy. Yes. 

The Cuarrman. What do you mean when you say you are a bio- 
logical oceanographer ¢ 

. Ruzy. I mean that I am interested in all life in the ocean, the 
y scientific aspects, and also their application to problems of 
natural resources. 

The Cuarrman. When you refer to “life in the ocean,” do you mean 
principally fish 

Dr. Rizr. The whole regime of life in the ocean—the green plants, 
which are the basic food source for all of the animals in the ocean; 
the small animals, the plankton, the fishes, and the other large animals 
that live upon the smaller members. We feel as if we should under- 
stand all the life in the ocean in order to properly evaluate the nat- 
ural resources and the optimum level of fishing. 

The Cuamman. I j dge from your statement you have not made 
the progress you would like to make in reference to that particular 
science. 

Dr. Ritzy. Well, sir, I think there has been great progress in the 
last 10 years, but we also feel in a good many respects we have not 
made enough progress and time is running out on us. Perhaps I can 

lain that with a few simple examples. 

¢ have a wonderful new weapons system. We think it is prob- 
ably the best weapons system in the world. I am referring to the 
nuclear submarine poate with rockets, and yet every time you take a 
weapon system to sea you find that there are oceanographic prob- 
lems that must be solved in order to use it efficiently. In one respect— 


namely, the navigation of these submarines—we know about what we 


need to know in order to navigate effectively, but we also need a 
very intensive program of surveying of the oceans which cannot be 
done in less than perhaps 10 or 20 years. The sooner we get started 
on that the better. 

In some other respects we do not know yet exactly what needs to 
be done. As far as detecting other submarines is concerned, to be 


| sure, our sonar systems have improved a great deal during the past 


few years since the war, but the ocean still is not what we would like 
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it to be—transparent to our instruments so that we can detect gy), 
marines anywhere in the ocean at any time. This is going to requip 
a major breakthrough and it will be on the basis of basic science whi 
we develop during the next few years, I hope. 

The Cuatrman. That would be the development of sound Ware 
which will produce echoes from one object to another ? 

Dr. Rizr. That is a system we have now. We hope that it can ly 
greatly improved, or perhaps someone can dream up an entirely ney 
system that can be more effective. 

The Cuarmman. In your school, how many people do you hay 
working generally on the matter of earth sciences? 

“ig mry. Offhand, I would say perhaps not more than six q 
eight. 

he Cuarrman. What is their field of endeavor? What are their 
studies? | 

Dr, Rirxy. We have one group in the marine physics laboratory 
which is primarily a Navy-supported Orgsninntion, which is working 
on problems of harbor defense specifically, but it is also doing a lo 
of basic science on sonar, radar, and various things that are subsidiary 
to this field. Then in our geology department we have people wh 
are involved in various aspects of geophysics and geochemistry. 

The Cuarrman. Do you have any ceeumee programs that you 
could give the committee ? 

Dr. Rutxy. I would say both of those fount that I mentioned, 
particularly in geochemistry and harbor-defense work, are long-rang 
programs. In my own laboratory we have a rather long-range pro. 
gram on Long Island Sound which includes some aspects that you 
might call earth sciences; that is, it includes the physical oceanogm. 
phy of the region, the rate at which the water is transported in and 
out, the so-called flushing rate of the sound, but primarily it iss 
biological program. This program has been going on since 1952 and 
probably will be a long-range effort. 

The Cuatrman. I have been asking you all the questions. Anyone 
on the committee who wishes to ask a question, just join in. 

Mr. Sisk. Mr. Chairman, I simply want to congratulate Dr. Riley 
on the very fine statement, particularly with reference to the need for 
some.legislation aiding in the education of oceanographers, and I 
would like to ask this question of Dr. Riley: In the field of oceanog- 
raphy, roughly, how many people do we have today that are what 
you consider to be competently qualified to do various phases of work 
needed in this field / 

Dr. Rizxy. I would have to look in our report to give you a precise 
answer, but it is of the order of 600 people who are trained at the 
graduate level and whom I would regard as thoroughly competent. 
One of the difficulties, however, is that a great many of these people 
are located in Government laboratories or private laboratories which 
conduct no teaching program. It is hardly a tenth of these people 
who are actually involved in teaching, and this is a major problem. 
We need to build up teaching staffs in universities in order to produc 
oceanographers at a faster rate. ong] 

Mr. Sisk. That leads me to my next question, and that is this: 
What are the opportunities for a man in oceanography outside of 
Government work as such? Are these extensive opportunities in ptt 
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vate enterprise or private research? Will you discuss the field of 
opportunity that is available and which might lead people to seek the 
opportunity of fellowships in this field? 

r. Ruy. There is a distinct shortage of trained men. This short- 
js extreme in the earth sciences and moderate in biological ocea- 
nography. I have never yet failed to place one of my graduate stu- 
dents. Just at the moment, we have been in the market for a physical 
oceanographer for over a year and have thus far failed to find one. 
We have two possible candidates who will complete their degrees next 
year. Such people are snapped up immediately. 

Mr. Sisk. In other words, there is a lot of opportunity ? 

Dr. Riey. Yes. We are not by any means producing enough to 
fill the demand. 

Mr. Sisk. In your opinion, insofar as the overall studies in ocea- 
nography are concerned—and I am thinking of the whole broad scope 
of your problem—you have hardly scratched the surface in your studies 
of the ocean. I am confining this specifically to that portion of the 
scientific field. 

The CuarrMan. Rather than the earth sciences ? 

Mr. Sisk. I am talking about that having to do with our oceans, 
the life in the ocean, and other things concerning the ocean floor, and 
the problems of the breakthroughs needed in the exchange of signals 
and soon underwater. Do you feel that we have only scratched the 
surface in this whole field ? 

Dr. Rwy. I am sure if you had asked that question of any scientist 
in any field he would say that he has not scratched the surface yet, 
but I do think it is particularly true of oceanography. 

Mr. Sisk. That is really the point that I had in mind; whether or 
not in this particular field of scientific research and endeavor we are 
aeeeny behind, let us say, where we might be in the life science 

eld. 

Dr. Rey. Yes; I think that we are. There is another aspect in 
which we are terribly behind, and that is the problem of climatology, 
which is really a combination of meteorology and oceanography. It is 
quite apparent now that we cannot hope to have any long-range 
weather forecasting that will be successful until we understand more 
thoroughly the relationship between the ocean and the atmosphere. 
Weare heavily handicapped by the fact that we do not have any exten- 
sive records from the midocean. Until we can develop that field we 
cannot have any hope of understanding even the next 30 days in our 
weather, let alone long-range predictions. 

Mr. Sisk. In other words, then, that ties in pretty much to a prob- 
lem we have had before this committee quite often, and that has to 
do with weather satellites. I draw the conclusion from your remarks 
that even though we may build the instrument and the vehicles and 
develop the propulsion power to put into orbit or into space vehicles 
that might give us certain information, we may lack the manpower 
toanalyze and properly use that information ; is that correct ? 

Dr. Ruzy. That is correct. 

Mr. Hecuter. I was very interested in your statement, Dr. Riley. 
I think all of us on this committee believe very deeply in expansion in 
this field. However, I have not been completely sold by your argu- 
ment yet as to why we should use a rifle approach on oceanography to 
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the possible exclusion of any other of the earth sciences. In order}, 
put this in a little better perspective, you have used a rather strong 
word here in the first paragraph of your statement. You say: 

Indeed, I tell you frankly that the recommendation, although deemed Neces. 
sary, was repugnant to some of the members of our Committee. 

I wonder if you could give us an objective statement of the minority 
views, so we could have a feeling on this committee just how thy 
repugnance was expressed. 

Dr. Rirey. It is simply as I stated in that first paragraph. All of 
us recognize the importance of all sciences and we would like to 
increased support for all the earth sciences and any other science, Yj, 
would prefer not to ask for special treatment for oceanography j 
there were any other way out of it, but since there is a greater shor. 
age of oceanographers than in any other field, and since we gp 
handicapped in our efforts to support them, and because, as I gaid 
in some practical respects time is running out on us, we felt that ; 
was necessary to make this recommendation. 

Mr. Hecuter. Of course, time is running out in many fields in thy 
eyes of a lot of people. 

Dr. Riey. I grant you that. 

Mr. Hecutrr. You just said that there was a greater shortage ¢ 
oceanographers than scientists in any other field ? 

Dr. Ritey. Well, I should not say “in any other field,” but I knoy 
of few other fields in which it is so easy to place men and so hand 
get them. 

Mr. Hecuuer. I wonder if you could supply for the record late 
some figures amplifying your answers to Mr. Sisk’s question on th 
number of oceanographers available, the amount of money availabl 
and perhaps some comparative information that would demonstrat 
— support your statement that there is a greater shortage in thi 

eld. 

Dr. Rey. Chapter 12 of our Committee report, of which I can gi 
you a copy, tells about the rate of growth in this field, the n 
of people that are involved, and the amount of financial support 
Now, this does not give the data that you might want to compare with 
the other fields, ant I do not feel competent to give you that. Ther 
—— Science Foundation reports that do discuss that kini 
of thing. 

( The information requested will be found on p. 17 P 

Mr. Hecuter. In order to support a concerted effort in one field 
it seems to me that we should have the facts on which we can proceed. 

Dr. Riey. Yes. 

Mr. Hecuter. Now, I will ask you a toughy. Is this not in a sens 
a reflection on the National Science Foundation, whose program i: 
supposed to be broad enough to include the study of oceanography, 
na a try to single out one field like this? Do you care to comment m 

a 

Dr. Rirey. I certainly would not want to criticize the National 
Science Foundation, whom I regard as having done an excellent jo 
I do fee) that they have not fully recognized the special problems of 
the interdisciplinary fields that t mentioned, and they cannot, withit 


the limits of their act at present, give them special support. I do 
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think that these fields, such as meteorology and oceanography and 
physics and geochemistry, at the moment need special support. 
ar. Hecuter. Just one further Te if I may. I wonder if 
ou would expand on that phrase—that the National Science Founda- 
tion has not fully recognized the importance of oceanography. 
Dr. Rmey. It is simply this: Because of the fact that many of 
these departments are graduate departments, they have no under- 
duates to teach and hence cannot supply support for their students 
Br che ordinary way. These fields are handicapped in their support 
ents. 
an: point that I made is that many of them are doing field- 
york. This applies not only to oceanography but to some of the 
other fields such as overran They are doing fieldwork which 
prevents them from being supported except by rather roundabout 


Mr. Hecuier. You mentioned only one university has an under- 
graduate course in oceanography. 

Dr. Ruy. That is true. 

Mr. Hecuter. Would you recommend that oceanography be ex- 
tended as a subject of undergraduate instruction in other universities? 

Dr. Ruy. It depends upon what kind of oceanographer you want 
to produce. For a man who wants to take an undergraduate degree, 
simply a bachelor’s degree, and go into service in, say, fisheries work, 
or the Hydrographic Office, I think that an undergraduate degree in 
oceanography is excellent, but if a man wants to go to the top, get 
his Ph. D., I would be absolutely against it. It would be much better 
to do his early work in basic disciplines and then specialize in ocean- 
ography at the graduate level. 

Mr stay I appreciate your statement, Dr. Riley. It has been 
ve 

r. Kartu. Doctor, I was a little touched by the examples you 
gave of the problems which are suffered by those who are doing grad- 
uate or ee work in oceanography as much as I generall 
am in this whole educational field. Is it not true, however, that this 
problem is pretty germane in all areas of graduate or postgraduate 
work, whether you are talking about medicine, astronomy, or 
chemistry ? 

Dr. Rizr. Yes, sir; it is. Over and above this particular bill, I 
would plead for better support of graduate students in general. 

Mr. Karru. But this bill and your prepared statement here deal 
oceanography, do they not? 

Dr. Rirxy. The bill, yes. Our Committee recommendations, yes. 
Being an oceanographic committee, we were thinking primarily of our 
own discipline, but I would be terribly disappointed if this were not 
an entering wedge which would give better conditions for all grad- 
uate students. 

The Cuarrman. In other words, you think it should be broadened 
to include specialists in the earth sciences generally, rather than limit 
it to one science like oceanography ¢ 

r. Riney. Yes, sir; Ido. As TI say, these interdisciplinary sciences 


teed it most, but certainly we need better support for all graduate 
students, regardless of discipline. 
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Mr. Karru. Doctor, ys say the interdisciplinary sciences, Woylj 
you care to enumerate all of those that you have in mind? 

Dr. Rirey. Oceanography, meteorology, geophysics, and geochemis. 
try are the main ones in the earth sciences group. 

Mr. Karru. You stated before, I think, in answer to one of Mr 
Hechler’s questions, that the National Science Foundation does nog 

ive soa consideration to the discipline problems of oceanography, 
is it not true that, irrespective of whether we are talking about oceg. 
nography or something else, they cannot give special consideration: 
that their consideration must be in perspective of the whole, the need 
and the demand, the use, the importance, et cetera ? 

Dr. Ruey. That certainly is correct at the present time. 

Mr. Karru. One further question. What did you mean when you 
said time is running out? Would you care to elaborate on this? I did 
not quite get the significance of your statement with respect to this 
question. 

Dr. Rmry. I was speaking in particular of the Navy problem. We 
cannot use our submarines and our antisubmarine defenses efficient} 
until we know more about the ocean. In other respects I think times 
running out, too, with respect to some climatological problems, It ig 

uite evident, for example, that, because of the industrial use of fossil 

uels, the carbon dioxide content of the atmosphere is gradually build: 
ing up. This we can expect to have a sort of general warming effect on 
the earth as a whole, simply because carbon dioxide blankets the earth 
against back radiation. 

We know that the oceans have warmed up several degrees in the 
arctic and subarctic regions during the last few years. We know 
that there is more ice-free water in the Arctic. ‘This is such a com 
plicated problem that we cannot say definitely that this is cause and 
effect, but it is something that we need to have concern about. 

Mr. Karru. Have there ever been other periods in history whe 
this has been true, where the arctic regions have warmed up several 
degrees and a century later cooled off ? 

r. Ritey. Yes; there are fluctuations in climate. We do not know 
for sure at the moment whether this is a direct result of carbon dioxide 
or just a variation in solar radiation. But what is giving oceanog- 
raphers nightmares at the moment is the hypothesis that was ad- 
vanced a few years ago by a distinguished colleague of mine and also 
a member of this Committee, Dr. Maurice Ewing. Understand, this 
is just a hypothesis, one of these things that scares us but we do not 
know whether it is true or not. He claims that if the Arctic Ocean 
ever warms up to the point where it is ice free, there will be sufficient 
evaporation to increase the precipitation over the northern part of 
the continent, and this will send us irreversibly into an ice age again. 
This is a cold war that will really be a cold war for us. 

Mr. Karru. This is the reverse of what you would expect. 

Dr. Ritey. Yes. 

The Cuarman. It is a boomerang. 

Dr. Rirxy. You understand there is a terrific argument about this 
at the moment. A lot of people think that this would not happet, 
but it has stimulated a great deal of research on the carbon dioxide 
content of the air, the interchange of carbon dioxide between the ait 
and the water, as well as a lot of thinking along theoretical lines. | 
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feel as if in that respect this is a problem we have to solve fairly 
rapidly. There, again, time is running out on us. If Dr. Ewing is 
correct, Within the next 100 years or so we will be forced at great 
expense to- precipitate the carbon dioxide out of our factory flues. 

r. Karru. Of course it is true, is it not, Doctor, if the sun cools off, 
the earth will cool off correspondingly, eventually? I do not know 
what year we are talking about. I cannot project my thinking that 
far into the future. wir 

Dr. Ruexy. You are talking about an inevitable event that will come 
millions or billions of years from now. In the other case we are 
talking about something which is almost our immediate future and 
something we can do something about. 

Mr. Kartu. In the hypothesis that your colleague propounds, he is 
not talking about this occurring in the next 100 years. 

Dr.Ruey. It would take a long time for it to build up. 

Mr. Karru. He is talking about this thing happening sometime in 
the distant future. 

Dr. Ruy. It would be a matter of slow growth, with the climate 
gradually worsening. 

Mr. Kartu. gaconting to the latest statistics, if we have any, what 
is the rate of growth of carbon dioxide in the atmosphere? 

Dr. Ruzy. I am not enough of a geochemist to give you those figures 
precisely, but it certainly is a distinctly peeks, amount. 

Mr re. Enough so that you have grave fears that perha 
something will have to be done about it within the next 100 years? Is 
that not what you said ? 

Dr. Rmey. Yes; I think we can expect a change in the climate of one 
sort or another ; perhaps mild, perhaps severe. 

The CuarrMAN. In how many years? 

Dr. Wuzy. We are beginning to feel the effects already, if there is 
acasual connection. That, again, we cannot be sure of. 

The a” You do not bring it down to this present heat wave; 
do you 

r. Ruxy. No, sir. Really, I am not trying to scare you or to pre- 
dict something awful, but these are the things that oceanographers 
have to think about and work on. 

Mr. Kartu. Does the Navy agree that we must do considerably 
more work in oceanography before our submarine methods of warfare 
will be efficient ? 

Dr. Ritxy. We are wholeheartedly in agreement. 

Mr. Kartu. They have made no recommendations along that line 
to this committee, and that is why I asked the question. ey talked 
about everything else. 

Dr. Ruy. The Geophysical Branch of the Office of Naval Re- 
search wrote what they call the tenoc plan, 10 years of oceanographic 
effort, and their proposal within the limits of certain sciences was very 
much the same as our own committee recommendations. They were 
with us 100 percent. 

Mr. Kartu. To the best of my knowledge, they have not testified 
here that the submarine warfare they are now entering into is not ex- 
tremely efficient. In fact, they state it is so efficient that this is the 
oly way, in their opinion, really to fight an intelligent modern war, 
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such an efficient method of warfare that this is the only intelligent 
‘(oe to the whole space age theory of nuclear warfare. 

r. Ruzy. They might very well say that and be correct, yet knoy. 
ing that some of their methods are not nearly so efficient as toe ought 
to be, particularly this problem of detecting other submarines, 

Mr. TH. Of course, Doctor, we will agree that almost anythi 
that either you or I could think of is not so efficient as it could possibly 
be, but I suppose the real question is whether or not it is within the 
realm of possibility. 

That is all, Mr. Chairman. 


STATEMENT OF HON. GEORGE P. MILLER, A REPRESENTATIVE y 
CONGRESS FROM THE STATE OF CALIFORNIA 


The CuHarrman. We are fortunate this morning in having our ¢9- 
league, Mr. Miller, who suggested earth sciences as a proper sub. 
ject for the work of this committee. 

Mr. Miller, have you any questions ? 

Mr. Miniter. When I rt that suggestion, Mr. Chairman, I als 
called your attention to the fact that I am chairman of the Subcom. 
mittee on Oceanography of the Merchant Marine and Fisheries Con. 
mittee, which has already taken this subject under study and will con. 
tinue to study it. But I came down, rather, to appear as a witnes 
before you, and I take advantage of the short time—— 

The Cuarrman. We are happy to have you either in your capacity 
as a member or as a witness or otherwise. 

Mr. Murr. I just want to say that I want to commend yon for 
introducing H.R. 6298 and assure you that I am in full support 
of it because I know, as a result of studies which the Subcommittee om 
Oceanography of the Committee on Merchant Marine and Fisheries 
has made, the necessity for getting scientists or young men to enter 
the field of oceanography. 

I am sorry I was not here at the beginning of Dr. Riley’s statement, 
but in glancing over it I notice he uses the word that it is an “inter. 
disciplinary” field, and he goes on to define what these disciplines are, 
I think Dr. Riley has most likely told you that oceanographers today 
are drawn from other disciplines. They are drawn from chemistry, 
physics, or mathematics into this field. We need men very badly in 
that field. 

I say to my friend, Mr. Karth, that the information he seeks, certain 
data, has been given, some of it in executive session, to the Subcom 
mittee on Oceanography, of which I am a member. It has gone into 
the field pretty carefully, and plans to go into it much deeper. 

We do need men in this field. We need to encourage men to 
into these other disciplines, and from there on it will be up to 
people interested in oceanography to try to attract them to the field 
of oceanography along with the other fields of the earth sciences. 

I want to tell you that oceanography is only one of these. The others 
are just as broad and just as important. I know you will go into that 


very thoroughly. 

Some of the oceanographers and other people in these fields perhaps 
will take exception to what I shall say now and which I said some tim 
ago at a meeting at Lubec, Maine, when the Academy of Sciences Com 
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mittee met and we had the privilege of sitting in with them for a day. 
One of the things we must do is to find some way of increasing the 
stipend of people in oceanography. It is a very poorly and under- 

id profession. The people are in it because they are devoted to it. 
It is a rigorous field. It is not one in which you come down to a 
jaboratory and get in a round of golf or two. These people must go 
tosea under most adverse conditions. 

In our own field, from our own committee, a bill will be before the 
House this week in which for the first time we shall try to take the 
wraps off the Coast and Geodetic Survey, which makes a great con- 
tribution in this field, which presently is limited to operations within 
the coastal waters of the United States unless by contract with the 
Navy or some other agency it is hired to go beyond the coastal waters. 
A bill was sent down and introduced by Senator Magnuson in the 
Senate. I had introduced one in the House, but we picked up the 
same bill. We hope to get it before the House. It has already passed 
the Senate. This will take the wraps off a great research agency, one 
of the oldest and the best which can go into this field. It is concerned 
with the geodesy of the ocean. 

In the field of oceanography, a number of sciences must be merged— 
the matter of heat transfer in ocean waters, and a part of it meteor- 
ology. 
el have the opportunity of going to Woods Hole you will find 
avery distinguished doctor up there, who has perhaps done as much 
in this field as anyone else and is a very charming young lady. Inci- 
dentally, she appeared some time ago on an interesting television 


ow. 

One of the things which must be done is to educate our people in 
Congress to the necessity for broadening this field along with the 
other sciences. ‘That is why I am so interested and why I wanted to 
come here this morning to appear in support of the bill. I support its 
principle that we get some money to get started and get the people 
whoare so badly needed in this field. 

The CuairMAN. Thank you very much, Mr. Miller. 

I want to suggest, too, to our counsel, the printed hearings of Mr. 
Miller’s committee over in the Merchant Marine and Fisheries Com- 
mittee should be available. We want to study those so there will be 
as little overlapping as possible. We do not want to overlap his com- 
mittee work. There is no need for duplication because we will de- 
velop the whole program of earth sciences in this particular committee. 

At the next meeting of the committee, which has not yet been set, 
I should like to have, as Mr. Hechler suggested, copies of the bills on 
coal mining and oil and gas. We may have some other bills. They 
should be here, too, because they are part of the earth sciences. 

Mr. Karru. I wonder if our colleague would yield for a question. 

Mr, Mier. Surely. 

Mr. Karru. Mr. Miller, do you favor broadening the aspects of this 
billto include all earth sciences ? 

Mr. Mier. I certainly would. I am not too familiar with the other 
earth sciences other than the general knowledge that I have of them. 
I certainly would broaden it, because here is a field which has been 
very limited and no proper consideration has been given it. Yet as 
time goes on we are bringing out things all the more in this field which 
show it has a very practical effect and will havea practical effect. 
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Let us take one field of oceanography ; those things which have ty 
do with the biology of the ocean. We have taken food out of the oceans 
since the memory of man runneth not to the contrary, but we hay 
taken it out as a hunter. Can you imagine how we would supply the 
meat which is necessary in this country if we still depended on th 
game of the forest, if every time we wanted some meat we took dom 
a gun and went out and shot a deer or killed a rabbit? Yet that sijjj 
is the way we are taking food out of the ocean. 

Mr. Kartu. There are no seasons and limits? 

Mr. Murr. There are, in certain phases, but not for certain t 
of commercial fish. We have some treaties with other nations whic, 
are quite complicated. I could cite one of them. I do not want tp 
take up your time. This country and Canada have entered into 4 
treaty relative to the protection of a certain species of fish. This fish 
spawns in the waters of the North Pacific. The Japanese got into the 
picture. We entered into a treaty with the Japanese that they would 
not fish east of a certain degree longitude. This was fine. We mage 
a mistake. We should have gone further west, but this was agreeable 
We then were there trying to protect the species for the two or thre 
countries involved. All of a sudden in this area a number of fishi 
trawlers of another Pacific nation showed up. The seas are free. We 
cannot say, “You can’t come in here and fish.” 

Mr. Karrn. I understand. Because of the freedom-of-the-seas con- 
cept, this thing does not have regulatory power. 

Mr. Muier. This does not lend itself. Even on some of the banks 
we read about a fishing trawler in an area where we had never seen 
trawlers of this country before, and where our own country and Can- 
ada had certain agreements. A trawler showed up, you remember, 
some time ago that cut a number of intercontinental telephone lings, 
Sooner or later, coming out of this, as I see it, we shall have to put up 
zones of influence in the sea. Certain fisheries biologists have even 
talked of raising fish and feeding them as we do other animals to bri 
them in. Maybe this is something that the future holds. The thing 
that we get from the sea are so great that we cannot afford to overlook 
any of these things. That is why we need science. Heretofore most of 
the emphasis has been placed on the biological sciences, I think you 
would agree, Doctor. 

Dr. Rixy. That is certainly true. 

Mr. Miter. Now we have ichthyology, and because of this we know 
more of that phase of it, but now we must get into other phases of 
this, and not only this but all of the earth sciences. That is whyl 
suggested to the chairman that I thought he should have a committee 
on earth sciences. I want to support and assure you I support this 
bill, H.R. 6298. I do think it should be broadened to include all of the 
disciplines, because you have got to draw men from other phases of 
science, not only into this but into the general field of earth sciences. 

Mr. Hecuter. I wish to make a brief comment, Mr. Chairman. | 
would not want the record to indicate that I was opposed to oceanog- 
raphy, Doctor. I merely want to see it put in proper perspective, 
Nine years ago we established the National Science Foundation. I 
think it is an indication of some lack of confidence, perhaps, to single 
out one of their activities at a time when I believe they are competent 
to put oceanography in its proper perspective. I hope these hearings 
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will serve to emphasize, both to the National Science Foundation and 
to the general public, the tremendous importance of oceanography and 
the critical need for training more people in the field. 

I should like to ask consent to have printed as part of the record 
the complete text of chapter 12 of the report by the Committee on 
Oceanography of the National Academy of Sciences, which is only 8 

ages In length. I believe would be desirable. 

The CuamrMAN. If there is no objection, it is so ordered. 

(The information requested is as follows:) 


OceANoGRAPHY 1960-70—MARINE SCIENCES IN THE UNITED States, 1958? 
I. INTRODUCTION 


The main purposes of this report are to examine the present status and past 
history of the growth of basic and applied research in the marine sciences in 
the United States and to analyze some of the current problems of supporting 
oceanographic research. 

Oceanography is a very young area of activity in the United States. It has 
developed from a handful of laboratories in 1920 to its present status of about 
70 laboratories of various sizes. Part of the story of this growth is shown in 
table 1. The total number of laboratories doubled in the postwar years and 
has increased nearly tenfold since 1920. The total financial support and per- 
sonnel has also increased, for most of the existing institutions have increased 
their staffs and new laboratories have been established. 


Taste 1—Number of marine laboratories in the United States and territorial 
possessions, listed according to sponsoring agency and period when founded 


noe 1921-30 | 1931-45 | 1946-50 | 1951-58 Total 


State. .....-.----------------------------- 0 2 1 5 1 9 
ee 2 2 8 7 7 26 
oe 4 3 7 ll 5 30 
2 2 0 1 0 5 

8 9 16 24 13 70 


1 Mainly corporations funded by private contributions or by endowments provided by foundations, 


The problems of acquiring a first-rate staff in a competitive market, of fi- 
nancing their research, and of getting and maintaining additional ship and 
shore facilities have been severe. They have led in some cases to difficult and 
precarious financing of oceanographic laboratories. 

Some of the data used in this discussion came from the “Directory of Hydro- 
biological Laboratories and Personnel in North America” edited by Robert W. 
Hiatt and published in 1954 under the auspices of the Advisory Committee on 
Hydrobiology to the Office of Naval Research. For present purposes the Com- 
mittee on Oceanography found it necessary to bring this information up to date. 
Accordingly, in the spring of 1958 a questionnaire was sent to existing marine 
laboratories in the United States asking for detailed information concerning 
their programs, financial support, staffs, facilities, and future capabilities. This 
Teport summarizes the responses received from 60 laboratories, 

Each laboratory was asked to describe its present program and to estimate 
the percentage of the total laboratory program that was devoted to oceanogra- 
phy. Oceanography was defined as being “* * * primarily concerned with 
describing and understanding the oceans: Its surfaces, estuaries, shoreline, and 
deeps.” The intended application of this knowledge to a particular practical 
problem, such as underwater acoustics or fisheries population studies, need not, 
it was emphasized, rule out this definition of oceanography. The responses to 
this first question are not summarized here. However, the descriptive answers 


*A report by the Committee on Oceanography of the National Academy of Sciences— 
National Research Council. 
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to this question were used to verify or modify the estimated percentage of each 
laboratory’s program which the directors estimated to be devoted to marin 
sciences. 

II, FINANCIAL SUPPORT 


Each laboratory furnished information on the amounts and sources of financig] 
support for the fiscal year 1958. The totals are summarized in table 2. 
attempt was made to classify the laboratories into logical groups according ty 
their primary function and size. It is helpful to divide them into two size 
eategories according to whether their budgets are greater or less than $300,006, 
In almost all cases this criterion separated laboratories capable of operating jy 
the deep ocean from those which specialize in investigations of inshore enyiro. 
ments. They were also divided into university, Navy, State fishery, or Feder) 
fishery laboratcries. A few nonuniversity laboratories such as the Woods Hob 
Oceanographic Institution and the Bermuda Biological Station were include 
in the university classification because of essentially similar research fune 
tions. Three other laboratories which could not be put readily into any ¢ 
these groups were not considered in the comparisons that follow. 


TaBLE 2.—Sources of financial support in various kinds of oceanographic 
laboratories, fiscal year 1958 


[Dollars in thousands] 


Large Small Large Small 
univer- | univer- | fishery | fishery | Navy | Totg 
sity sity 
Number of laboratories--.-...--..---------- 6 19 6 24 5 i 
U.S. Government: 
Bureau of Commercial Fisheries - - ---- $248 $526 $2, 895 $1,617 $5,208 
Office of Naval Research 3, 598 37 4,00 
National Science Foundation - 1, 277 130 20 14% 
Atomic Energy Commission 96 
Total State and Federal funds- --_-- 6, 883 1, 752 2, 986 2, 758 4, 808 19,8 
2, 281 318 353 110 3, 082 
10, 165 2, 430 3, 339 2, 884 4,808} 


1 Does not include ship operating costs. The oceanographic work at 3 Navy-operated laboratories ani 
2 laboratories operated under contract by a single Navy agency is included in this category. 


The contributions to marine research in industrial laboratories have not bee 
included in this survey. Although their participation in geophysical explora 
tion of offshore and Continental Shelf areas is large, the results of this work 
are not commonly made public. Some grants and contracts are given to marine 
laboratories by various industries. These funds are included. 

Some additional comments may be made about the contributions from variow 
-sources of support. Only two laboratories reported that combined endowments 
and private grants provided more than half of their total support. Both of 
these were small, private laboratories. State funds were the sole source of 
support for four laboratories and the major support of seven others. Twenty- 
two laboratories received almost all of their support from the Bureau of Com 
mercial Fisheries, and five were financed solely by Navy funds. Six laboratories 
‘reported that they received more funds from the Office of Naval Research tha 
any other source. Federal and State funds totaled 70 percent of the university 
budgets. With minor exceptions, private universities were as dependent 
Government funds as the State universities. 


Ill, PERSONNEL ENGAGED IN OCEANOGRAPHIC WORK 


Data on laboratory staffs are compiled in table 3. In addition to listing the 
various categories of staff members, the average cost of supporting the staff is 
tabulated in items 12 through 15. The questionnaire also requested inform 
tion on visiting scientists computed on a man-year basis. These totaled él 
Ph. D.’s, 41 with the master’s degree or equivalent, 242 summer students, and 3 
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yisitors in other categories. It was estimated that 35 percent of the scientific 
output of the visitors could be considered oceanographic, as contrasted with 89 
percent of the work of permanent staffs. 

TaBLE 3.—Summary of budget and personnel data from 5 groups of laboratories 


[Dollars in thousands] 


Large Small Large Small 
univer- | univer- | fishery fishery Navy Total 
sity sity 
1, Number of laboratories. ......--.....- 6 19 6 24 5 60 
$10, 165 $2, 430 $3, 339 $2, 884 $4, 808 $23, 626 
$1,700| $128| $556] $120| $960 $304 
219 79 35 49 47 429 
37 4 6 2 9 7 
§ Total master’s plus Ph. D.’s__-..----- 324 124 92 120 124 784 
55 7 15 5 25 13 
8, Total scientific staff_-........---.-...- 598 228 201 198 323 1, 548 
100 12 34 8 65 26 
SENN? |........---.---.---2-.- 1, 250 285 298 314 517 2, 664 
RR 208 15 50 13 103 44 
12. Cost per | ot a $46 $32 $93 $60 $107 $56 
13. Cost per Ph. D. plus master. _.-...___ $31 $18 $37 $24 $39 $30 
14, Cost per scientific staff member ______ $17 $11 $16 $15 $15 $15 
15. Cost per employee. .........-----.---- $8 $8 $11 $9 $9 $9 


A large share of the total number of oceanographers are working at the few 
large oceanographic institutions. If we consider how many of the largest labora- 
tories one must count in order to account for over half of the personnel in each of 
several groups, we have: : 


Grou Number of 
pe laboratories 
Ph. D.’s 4 
Master’s degrees. 
Junior scientists and technicians 5 
Support staff (secretarial, assistants, ships crews, etc.) at 
Total, all personnel - 


Each of the four larger institutions have extensive open-ocean programs re- 
quiring ships and a strong support staff as well as a large number of Ph. D.’s. 
The smaller laboratories are relatively weak in numbers of support staff mem- 
bers. 


Financial problems 


Among the university-sponsored organizations, only the large ones have been 
able to maintain an extensive blue-water operation and large departments in spe- 
cialized categories such as physical oceanography and geochemistry. In order to 
support their large ships and technical staffs, most of these laboratories have 
found it necessary from time to time to conduct relatively large applied research 
programs for the Government. In some cases such work has necessitated sacri- 
ficing more basic research projects. In others, the stimulation provided by 
applied problems has been helpful. However, laboratories should not have to un- 
dertake large applied projects primarily as a means of solving financial problems. 

The small university laboratories represent two somewhat different categories. 
Some are summer seaside laboratories with major emphasis on teaching and 
marine biological investigations. Others are year-round oceanographic opera- 
tions in estuarine and coastal waters. There are some intergradations. On the 
average, only 38 percent of the support of the smaller university laboratories is 
obtained through Federal funds. They depend mainly on general university 
funds, derived either from private or State sources. They are less dependent 
on specific research grants than the larger organizations and hence have main- 
tained a larger measure of financial stability. However, this has been accom- 
plished only by severe limitation of the scope of their activities. 

Each laboratory has its own particular problems, but some general patterns 
are discernible. The large laboratories with heavy Federal support need financial 
stability and predictability to rescue them from their present hand-to-mouth ex- 

nee on short-term contracts. The insecurity of this existence is a constant 
worry to administration and staff alike; it interferes with long-range planning 
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and it sometimes results in taking on routine survey tasks that are not thep 
work of a research organization and contribute little to the laboratory excepf 
a financial stopgap. They desperately need ship replacements and Addition 
shore facilities. They need the kind of general institutional support that wil 
permit them to maintain their salary scale at the current market value and py, 
vide reasonable stability to their operations. 

The small laboratories also need ship and shore facilities but generally Not § 
desperately. Often their chief material need is for modern scientific equipm 
and in this respect their work tends to be limited in scope because they canng 
hope to acquire the large stock of expensive instruments that are more or leg 
standard equipment in larger organizations. However, their most pregg; 
need is for growth and diversification of their staffs. The small laboratories egy, 
sist almost exclusively of biologists and biological oceanographers, They have 
learned a few techniques of physical and chemical oceanography to supply bac. 
ground for their biological studies, but specialists in these subjects are essentig 
both for teaching and for solving the particularly difficult problems of coagty 
circulation and nutrient cycles. 

We find ourselves looking at the two faces of the same coin. The small labon, 
tory has to grow in order to solve its problems effectively and having done go, 
finds a whole new set of problems waiting for it. Perhaps some laboratories hap 
overexpanded, but it is clear that gradual expansion is necessary in order tp 
meet the increasingly exacting requirements of modern oceanography. 


Government laboratories 

The federally operated laboratories, both Navy and fishery, also have serlog 
financial problems. They have a more stable situation than the large university 
laboratories, but their budgets fluctuate unpredictably. It is commonly qm 
sidered that their primary function is to be service organizations conducting 
routine surveys and applied research. Some basic research is undertaken, by 
when budgets are curtaiied the basic research is the first to suffer. This is om 
reason why Federal laboratories do not attract large numbers of highly traingj 
scientists. Table 3 shows a disproportionately large ratio of total scientifie 
staff to Ph. D.’s in these laboratories as compared with the universities. It js 
not a healthy situation, and it probably cannot be corrected until legislators he 
come aware that it is a good investment to maintain a stable, long-term program 
of basic research in Federal laboratories. 

Comparison of laboratories 

One way of comparing the problems and organization of various laboratoria 
is to examine the cost of the operation per staff member, as shown in table4 
The size of the staff is a crude measurement of the research product, but it isa 
practical way of looking at the matter because the management has to think 
in terms of cost per unit of accomplishment. 

In seaside laboratories of a seasonal nature, which pay only the summer gal 
aries of their staff, the cost per staff member is usually about $2,000 to $5,0W. 
It is seldom larger unless the laboratory supports a considerable number of vis 
iting investigators who are not listed as staff members. 

At the opposite extreme are the large, deepwater operations that cost $50,000, 
more or less, per senior staff member. This reflects both the high cost of oper. 
ating large ships and the relatively large number of junior scientists and no 
scientific staff members at these institutions. 

The cost per scientist is distinctly lower in the small university laboratories 
than in any other group. In part this is due to the lower cost of coastwis 
operations, but it also is to some extent an indication of inadequate equipment 
and supporting staff. The number of technicians and nonscientific staff mem 
bers is undoubtedly too low for an efficient use of trained scientists. 

The small fishery laboratories have field programs more or less similar to 
those of the small universities, so that the financial problems of these two groups 
are somewhat comparable. The very high cost of $60,000 per Ph. D. in the fist 
ery laboratories simply reflects the very small number of people in this category. 
More reasonable figures for comparative purposes are the cost of $24,000 per 
master or Ph. D. and $15,000 per scientific staff member. Each of these is $4, 
more than the corresponding figures for university laboratories, and it is sus 
pected that they are more realistic for this kind of operation. 


Total support 
While making this study, we tried to estimate that portion of the total budgets 
of the laboratories that is actually spent on oceanographic research. Our bet 


| 
esti 
jecti' 
that 
tutio 
basic 
geock 
abou 
tutio 
all, i 
Grov 
Fi 
nogr 
logic 
addi 
was 
wert 
sent 
Tl 
1958 
atel; 
muc 
obta 
sear 
men 
inte 
men 
ing 
reve 
pro: 
thir 
flat: 
ana 
mor 
in { 
post 
rap 
isn 
and 
to 
rect 
con 
cap 
gro 
] 
00! 
the 
fo 
va. 
the 
we 
re 


EDUCATION IN- THE FIELD OF OCEANOGRAPHY 21 


te is that this is about 63 percent of the total. This figure contains sub- 
ye elements, as indicated earlier. However, it should also be recognized 
that oceanography is directly or indirectly benefited by research in many insti- 
tutions that are not included in the present tabulation. This includes work in 
pasic disciplines and also in related interdisciplinary fields such as geophysics, 
nemistry, and meteorology. The contribution from such sources is probably 
about equal to the missing 27 percent in the subjective estimate mentioned above. 
The figures included in this report establish the amount that oceanographic insti- 
tutions spend on activities that they consider worth supporting, and this, after 
gll, is the only practical way to look at the matter. 


Growth of oceanography 

Finally, it is of considerable interest to determine the rate of growth of ocea- 
nography in the immediate past as an indication of what might be expected in 
the future. Information was obtained from Hiatt’s “Directory of Hydrobio- 
logical Laboratories,” which was compiled during the fiscal year 1953. As an 
additional check an abstract of the comparative information for 1953 and 1958 
was sent to the directors of 28 of the laboratories for which data from both years 
were available. Each director was asked to confirm or change the data to repre- 
sent as nearly as possible the real change over this 5-year period. 

The laboratories in question listed a total expenditure of about $8 million in 
1953 and $14 million in 1958—an increase of 76 percent. The question immedi- 
ately arises as to how much of this increase represents real growth and how 
much is simply inflation. Some data on the 1953-58 inflationary factor can be 
obtained by examining research proposals in the files of the Office of Naval Re- 
search, They indicate that the increase in salaries for various grades of staff 
members at various laboratories ranged from 20 to 80 percent during this time 
interval, with the majority of percent increases for the largest number of staff 
members ranging between 30 and 40 percent. A similar review of ship operat- 
ing costs showed an increase of between 40 and 50 percent. The study further 
revealed that the funds spent by private research laboratories are devoted ap- 
proximately one-third to ship operating costs; one-third to salaries; and one- 
third to equipment, travel, overhead, and other items. In the latter group, in- 
flation has been slightly less extreme than in the first two. Nevertheless, the 
analysis suggests an inflationary factor of at least 30 percent and possibly 
more, and the real growth might therefore be of the order of 30 to 45 percent 
in5 years. This is probably a slower rate of growth than that of the early 
postwar years when the formation of new laboratories (table 1) occurred more 
rapidly than in any other period before or since. The present rate of growth 
is more in keeping with the ability of the science to produce new oceanographers 
and to supply the ship and shore facilities that they require. An increase of 30 
to 45 percent in 5 years is equivalent to 70 to 110 percent in 10 years. The 
recommendation for doubling of oceanographic research in the next 10 years 
contained in the first chapter of this report, therefore, seems well within our 
capabilities and in line with a moderate acceleration of our present rate of 
growth. 


The CuatrMan. Could we have available copies of your hearings? 

Mr. Mixer. I do not know that we print the hearings of our sub- 
committee. We are not as wealthy as this committee, so we have held 
them up. I am certain that we can see that you get them in galley 
form, anyway. 

The Cuarrman. Or, if you would let us have copies of your steno- 
graphic notes, we would go through them, and that part which is rele- 
vant, of course, with the consent of your committee, we could use in 
the record of this committee, and therefore avoid duplication. We 
would like you to remain, Mr. Miller. 

Mr. Mirier. I have some other business, much as I would like to 
remain. 

The Cuarrman, We would be happy to have you anytime. 

Mr. Mittrr. I shall try to come when I can: I did want to get on 
record in favor of your bill. 
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The CuairMan. We were glad to have you here and to hear you 
testimony. 

Mr. Cuenowetu. Doctor, do I understand the situation is such thy 
you have a very promising prospect for oceanography, but that they, 
are no funds available to help you in these studies at all? Is that o 
situation today? You say there is a shortage of prospects, and yoy 
are looking for them, and you have no trouble placing them. 
understand, with all of this money we are spending, with all the foyp. 
dation and Government assistance today, there is nothing for a Young 
man of that type? 

Dr. Ritzxy. We do have sources of funds. We have private fund 
We have fellowships for our few top men that we can get from th 
universities or from Government sources of one sort or another. Wa 
have a certain number of research assistantships that we can get from 
Federal grants. 

The real point is, first, that it is impossible to support an aye 
man on fellowship money. A hardship case who has heavy fami 
responsibilities, in order to earn enough money through a research 43 
sistantship to support his family, is so heavily loaded with work that 
it takes a Geese len time for him to get through school. 

Mr. CuenowetTH. You mentioned one case of that type in whichi 
took 11 years to go through. 

r. CHENOWETH. But you do have funds for promis1 rospects in 
this field with which on can assist them now? Bing! 

Dr. Rirey. Yes. We have funds for most of our men. _ It is largely 
the special cases that we find it difficult to support—the people in 
strictly oceanographic —— departments who are prevented from 
teaching assistantships because there are no undergraduates to teach, 
the people who have to go off and do fieldwork someplace and an 
thereby not able to carry an emeninlo in the university, the hard- 
ship cases who really need more money than we can supply. 

Mr. Cuenoweru. How does the ratio of these handel cases 
compare with the others? 

Dr. Ritry. It is a rather small proportion. 

Mr. Cuenowertu. Perhaps you have already covered this one fur- 
ther question which I have, Doctor. What is our relative standing 
with the Russians in this field of oceanography at this time? Hare 
they paid special attention to this field? Would you say that we hare 
neglected it, relatively speaking? What is our relative interest and 
opener at this time? 

r. Rirxy. They are putting much more money into oceanography 
right now than we are. They are providing more adequate support 
for students. I would not say their oceanography is better than our 
It is better in certain fields and poorer in others. You cannot makes 
broaa statement on it. 

Mr. Cuenowetu. Have you had some exchange of professors be 
tween the two countries? Have some of you been over to Russia and 
seen what they are doing there ? 

Dr. Ritey. No, sir; I have not. I am sorry to say that I am mor 
seeunt than I would like to be of what they are doing: T have to 

epend on an occasional visitor from Russia or upon the Russian 
literature as to what they are doing. 
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Mr. CuenowerH. In all the geophysical program we have had, there 
has been no exchange of ideas or professors in the area of oceanog- 


hy 
ai Ruy. There have been short-term visits back and forth; yes. 
Mr. Cuenowern. What have our people reported when they came 


q 
- Ruy. They report that it is spotty. Some of it is very good. 
Some of it is not. I would say our earth sciences programs are the 
@ way. 
Mr. eswownn:s. You would say, then, we are holding our own or 
perhaps & little better, so far as the Russians are concerned, in this 
eld? 
: Dr. Ruxy. For the time being, yes, but the amount of money they 
are pouring into the field will tell eventually. 

ee Cnaxowers. How is this money being spent ? 

Dr. Rey. It is being spent to support students and professors at 
a relatively higher wage level than we have in this country. It is 
being used to provide excellent equipment, perhaps better equipment 
in some respects than we want. I do not think we want 6,000-ton 
oceanographic vessels in this country. We operate in different ways 
from them. I do not think we want that, but certainly we do need 
a considerable number of new oceanographic vessels. 

Mr. Cuenowetu. The fact that they are spending this large amount 
of money + not necessarily mean that they are superior to us in this 
field, does it 

Dr. Riney. Intellectually they are not superior to us, I would say. 
After all, scientifically speaking, they are a young country. They are 
moving ahead faster than we are, but in many respects they have not 
caught up with us yet. 

Ver CuenowetH. They were a long way back to start with, were 
they not ? 

r.Rimgy. Yes. 

Mr. Cuenowetu. But they are coming faster now, you say. 

Dr. Yes. 

Mr. Cuenowern. I think that is all, Mr. Chairman. 

The Coarrman. Thank you very much, Doctor. 


STATEMENT OF HARRY C. KELLY, ASSISTANT DIRECTOR, DIVISION 
OF SCIENTIFIC PERSONNEL AND EDUCATION, NATIONAL SCIENCE 
FOUNDATION, ACCOMPANIED BY BOWEN C. DEES, DEPUTY AS- 
SISTANT DIRECTOR, DIVISION OF SCIENTIFIC PERSONNEL AND 
EDUCATION; ROY E. HANSON, ASSISTANT PROGRAM DIRECTOR, 
EARTH SCIENCES PROGRAM; AND CHARLES B. RUTTENBERG, AS- 
SISTANT GENERAL COUNSEL 


_ The Cuarrman. We have one more witness this morning, and that 

is Dr. Harry C. Kelly, Assistant Director for Scientific Personnel and 

Education of the National Science Foundation. 
Will you have a seat there, Dr. Kelly? If you will give us some of 

your background, we would appreciate it. 

_ Dr. Ket. May I also invite several other members of the Founda- 

tion staff up here with me? 


Your 
that 
there 
ou 
Dol 
foun. 
inds, 
1 the 
We 
from 
h as. 
that 
ch it 
ts in 
gely 
in 
TOM 
ach, 
an 
ard: 
2803 
fur- 
ling 
lave 
ave 
and | 
phy 
port 
urs. 
be- 
and 
ore 
to 
jal 


24 EDUCATION IN THE FIELD OF OCEANOGRAPHY 


The Cuatrman. We would be happy to have them up here. 

Dr. Ketxty. Dr. Bowen Dees, who is Deny Assistant Director fy 
Scientific Personnel and Education; Dr. Roy E. Hanson, who ig Ag 
sistant Program Director of the Earth Sciences Program of thy 
Foundation, who got his Ph. D. in seismology at St. Louis University. 
and Mr. Charles B. Ruttenberg, Assistant General Counsel of ne 
Foundation. I believe you remember him. 

The Cuarrman Weare happy to have you gentlemen here, 

Are you Director of the Frarth Sciences Division of the Scieng 
Foundation ? 

Dr. Ketiy. No, sir. I am in charge of the Division of Scientifi 
Personnel and Education. This includes education in all of the fields 
of science, engineering, and technology. Dr. Hanson is in the program 
of research support in the field of the earth sciences. His work js 
specifically directed to the earth sciences. Ours is directed to all 
fields. 

The CuarrMan. You havea prepared statement, Doctor ? 

Dr. Ketuy. Yes, sir; I have. 

The CuHamrman. We shall be happy to hear it. 

Dr. Keuiy. We are very much pleased at the opportunity of coming 
back to discuss with you again the problems of education in th 
sciences; this time to emphasize our attitude and programs directed 
toward the earth sciences and other special categories. 

I would like to emphasize, as Mr. Hechler has done, that we, too, 
recognize the great importance of training and research in oceanog. 
raphy, and that this is an important need and intensive efforts sho 
be made to fulfill this need. However, we would like to point out 
that there are already in existence several major programs which 
should be used more fully than they have been so far in meeting the 

oals which underlie ILR. 6298. The National Science Foundation 
itself carries out a number of activities which should be much mon 
influential in this field as we develop, in cooperation with oces- 
nographers, more applicable projects in our present programs, 

First, I should like to review the range of our NSF programs that 
deal directly with education in the sciences. There are today many 
fellowships available to individuals who are interested in this field of 
study. The National Science Foundation maintains two predoctoral 
fellowship programs, both of which support individuals who wish to 
study or work in the field of oceanography. If we are successful in 
encouraging a larger number of competent individuals to apply to 
us for fellowships in oceanography, there will be more awards in this 
field. We believe the problem is not so much that of making mor 
fellowships available for students who wish to pursue work in ocet- 
nography or the earth sciences; it is more a question of stimulating 
students to take an interest in becoming earth scientists or ove 
nographers. 

As was pointed out by Dr. Riley, aomenngnahy and the earth 
sciences, unlike the standard disciplines of physics, chemistry, and 
mathematics, is a derived science. Tt is dependent upon these other, 


more basic, fields. As Dr. Riley pointed out, there is only one u- 
versity in the United States giving a bachelor’s degree in oceanog: 
raphy. Perhaps some consideration should be given to methods of 
encouraging other universities to develop programs. ! 
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of our newly developing programs will prove particularly use- 
fatin this are For each of the last 3 years we have supported 
a few experimental efforts to supply highly specialized training op- 
rtunities to augment the competence of already well-trained scien- 
ts and engineers. For example, we have supported a training pro- 
extending over several months to enable professors of mathemat- 
ics from a number of institutions to learn how to use and, more im- 
rtant, how to teach the use of advanced electronic computers. We 
call such projects special field institutes. We can all agree that the 
earth sciences might well be referred to as a special field, and in fact 
wo have supported a special field institute centered on oceanographic 
roblems this past summer at the Woods Hole Oceanographic Institu- 
tion. This program should be even more useful in the future. 

Asan illustration, we would be glad to consider a proposal from an 
outstanding oceanographic institution to plan a course of study which 
might cavolve a number of scientists already well trained in one or 
more of the basic fields important to oceanography. At this special 
field institute these scientists could obtain specific and well-conceived 
instruction and experience in connection with the special problems en- 
countered in research in oceanography. Such a special field institute 
could within a relatively short while make it possible for individuals 
already having Ph. D.’s in such fields as physics, chemistry, and the 
like to work confidently and expertly on oceanographic problems and 
perhaps even start training other members of new departments of 

Clearly, the important — In connection with improving our 
research output in the general area of oceanography is to provide 
training for individuals of high ability who have a real sense of dedica- 
tion to research in this field. In general, able students decide which 
field of study they wish to pursue in graduate school at least 1 or 2 
years before they finish college. Since courses at the undergraduate 
level are not generally offered in derived fields such as oceanography, 
it is necessary to find special ways of challenging and exciting the in- 
terest of the typical undergraduate. Otherwise, students will not be 
given an on ple ey to develop a conception of what a career in 
oceanography would be like prior to the time when they have made 
acareer commitment to some other field of science. 

It is therefore essential that mechanisms be provided which will 
reach down into the college, and perhaps even into high school, to 
present to able students the challenges pre the rewards of research and 
teaching careers in the earth sciences. 

There are four specific programs of the National Science Founda- 
tion that immediately come to mind in this connection. One of these 
is the program which we refer to as the undergraduate research par- 
ticipation program. In this activity the National Science Foundation 
provides grants which enable the participating universities to offer 
= research-oriented training opportunities for undergraduates 

uring the summer months, and, in some cases, throughout the aca- 
demic year. These training programs may be carried out on a univer- 
sity campus, at a field station, or even aboard an oceanographic vessel. 

ey are centered on research opportunities which make it possible 
for the undergraduates to work in close contact with scientists who 
are doing significant research. As it applies to the problem of increas- 
ig the number of students studying oceanography, this program 
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offers the possibility of presenting to highly selected unde Uate 
students some of the specific techniques of research in earth 
sciences. 

It is certain that this type of program can have the effect of excitj 
the interest of undergraduate students and turning their minds jy 
the direction of graduate study in oceanography or the earth scienog 

nerally. 

“a a aE academic level, the National Science Foundation ppp. 
gram of secondary school student training programs provides , 
variety of mechanisms by which carefully selected high school student 
can be shown the challenges of a particular scientific field and 
given an explanation of the type of work that is actually carried oyt 

College teachers in the various fields relevant to oceanography neg 
to know more about oceanography and the earth sciences so they cy 
broaden the outlook of their students. Summer institutes and cop. 
ferences in oceanography designed to meet the needs of these colleg 
teachers could become an important phase of the effect to give oo. 
nography a fuller degree of recognition and college students a bette 
idea of the rewards of careers in this field. 

The last of our programs in science education I shall mention is oy 
program of visiting scientists. This program makes it possible for 
outstanding scientists to visit college campuses and, to a limited a. 
tent, high schools, also, throughout the country, where they present 
% the students some of the latest findings in the various scientify 

elds. 

Thus far the Foundation has supported a number of fields and ex. 
perience has shown that this program is a powerful mechanism for 
Sees undergraduate students to take an interest in graduate 
study. 

The rograms I have been discussing so far are programs class. 
fied under our heading “Education in the Sciences.” Our second st 
of suggestions relates to the research-supporting operations of the 
National Science Foundation. These are also of major importance 
in connection with the entire problem. The Foundation researh 
grants provide funds to enable individuals already trained in oca- 
nography to carry out research in this field and related areas of 
science. 

Grants made in support of oceanography or the earth sciences 
typically provide funds for the support of research assistants. The 
term “research assistants” is used to mean graduate students whoar 
working on specific research projects. In many instances these stu: 
dents work on their dissertation problems in connection with ar 
search grant which has been supported through the basic researh 
prvarem, With the additional funds being made available to the 

oundation for the support of basic research, more support can g0 
into projects related to the earth sciences and, therefore, additional 
support will be provided for the training of graduate students in the 
earth sciences, including oceanography. 

You are aware of the fact that, despite the great potentialities of 
oceanography for contributing toward both and practical 
objectives, the study of the seas is one of the most important under 
developed areas of science today. One of the reasons why we haves 
little knowledge of the oceans and their physical and biol ical char- 


acteristics is that there is a critical shortage of modern long-rangt 
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ocoanographic research vessels. ‘This year, for the first time, the 
Foundation will be able to apres funds for the acquisition of such 
a vessel. The total cost of this ship will be approximately $2 million. 
The Foundation is currently giving serious consideration to the need 
for an additional oceanographic vessel of larger size. 

The third point I should like to emphasize is the fact that there 
are other Federal agencies also which are in a position to support 
programs to hel build up our research potential in the field of 
oceanography. The Office of Naval Research and the National Insti- 
tutes oF Healt for example, can provide certain kinds of needed sup- 

rt through their research programs. Moreover, the National De- 
il Education Act provides in title IV for some 1,500 national 
defense fellowships each year from academic year 1959-60 through 
the academic year 1961-62. Proposals from educational institutions 
to the Department of Health, Education, and Welfare for the estab- 
lishment of new arn ae or for the expansion of existing graduate 

ms in this field would be given serious consideration, I am 
sure, by the Health, Education, and Welfare group. 

We Sve that the key problem which we face in this whole area 
is that of assuring excellence in instruction in science at all educa- 
tional levels. When we have come close to achieving this goal we 
will have less difficulty in getting enough high-quality students to take 
an interest in careers in science. Therefore, we need to find ways of 
encouraging additional students to become interested in science, and 
then we must not only assure high-quality instruction for them but 
we should also find ways of helping them to get information about 


careers. 

The Foundation has been concerned since the beginning of its 

existence about Sorerenning ie relative priorities of needs in various 

ial fields of science. e Foundation has given consideration, 
Taremple, to the programs of research in problems unique to the 
Antarctic; it has considered as a problem area which needs special 
consideration the area of astronomy ; and similarly, more recently, it 
has considered the special needs presented by the field of meteorology. 
In addition, there is a severe shortage of teachers of engineering, and 
special consideration also must be given to the problem of how we 
can increase the number of teachers of engineering in our univer- 
sities, 

When matters like this come up for discussion, it is soon seen that 
it is virtually impossible to draw up a meaningful table of priorities. 
What is currently the most important field of science? How does 
one determine which area needs help most urgently ? 

We are keenly aware of the importance of oceanography and all 
of the earth sciences, but we are also aware of the importance of 
solid-state physics, plasma physics, research on missile propulsion or 
in any one off the many other fields. Experience demonstrates that 
it would be unwise to single out any one area of research and say 
that it is so much more important than others that it demands un- 


usual and crash-program consideration. Hence the identification of 
certain limited fields of science so that they may be given special 
attention and special treatment is not the wise way to improve our 
scientific potential. Rather, we should move in the direction of 
providing adequate resources to assure a continuous increase in the 


Uate 
arth 
ting 
lh 
Nees 
BS 
ents 
1 be 
out, 
eed 
can 
Con: 
lege 
stter 
_| 
s of 
tical 
der- 
90 
har: 


aS EDUCATION IN THE FIELD OF OCEANOGRAPHY 


number of young people obtaining good basic training in the sciencg 
at the high school and college levels. These students would then by 
in a position to undertake graduate training in a variety of fields— 
not just the few that are of special importance today, but also thog 
fields which are certain to arise and to be of crucial importang 
within the next 5 or 10 years. 

Because science is creative, new fields of knowledge will be devel. 
oped requiring more scientific personnel and research facilities, Af 
least for the basic sciences, we believe it unwise to overplan and over. 
direct research and educational activities. Scientific advances am 
creations of men, well trained and creative, who have a strong moti- 
vation to understand the mysteries of nature. Rather than devel. 
oping a kind of “Maginot line” of technology, we believe we must 
respond to the curiosity and competence of creative scientists, for jt 
is these scientists who are to create the new fields of technology, 

To summarize, we recognize that there is a growing and recogniz. 
able need for more competent oceanographers. However, we recog. 
nize also that there are a number of fields in which we have a shortage 
of highly competent, highly trained scientists, and our greatest effort 
should be to alleviate the overall problem. We believe that this can 
be done by interesting more of our able young oo a in the intel- 
lectual challenges and career opportunities in all fields of science and 
technology. Our approach to this problem was described to you in 
our previous appearance before your committee. 

e also believe that we should, along with other agencies of the 
Federal Government, continue to study methods of support of special 
areas of science and technology. We will continue to make a special 
effort to stimulate the scientific community in these special areas by 
encouraging both students and scientists to apply for fellowship and 
research grants for support from the Foundation, and by encouraging 
greater participation in other programs of the Foundation, includi 
those of special field institutes, visiting scientist programs for both 
college aol high school students, summer training programs in science 
and engineering, and the like. 

In view of the considerations I have outlined, Mr. Chairman, we 
do not recommend passage of H.R. 6298, and we stand ready to try 
to answer any questions. 

(Dr. Kelly’s prepared statement follows :) 


TESTIMONY OF Harry C. KELLY, ASSISTANT DIRECTOR FOR SCIENTIFIC PERSONNEL 
AND EDUCATION 


Mr. Chairman, it is a pleasure to have the opportunity of appearing before 
your committee to discuss the things that should be done to assure adequate 
training and research in the important field of oceanography. 

I am Harry C. Kelly, Assistant Director for Scientific Personnel and Educa- 
tion of the National Science Foundation. The Director of the Foundation, Dr. 
Waterman, has already supplied your committee with some comments with 
respect to H.R. 6298, but it may be useful if we present some additional infor- 
mation in further explanation of our views regarding the subjects covered 
in H.R. 6298. 

I would like to emphasize at the outset that the Foundation considers train- 
ing and research in oceanography an important need, and intensive efforts 
should be made to rectify the inadequate attention paid to this field of research 
in the past. However, it is significant to note that there are already in existence 
several major programs which can be used more fully than they have been 8 
far in meeting the goals which underlie H.R. 6298. The National Science Foun 
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dation itself carries out a number of activities which should be much more 


influential in this field as we develop, in cooperation with oceanographers, more 
applicable projects in our present programs. 

First, I should like to review the range of NSF programs that deal directly 
with education in the sciences. H.R. 6298 calls for special fellowships to be 
awarded in the field of oceanography. However, there are today many fellow- 
ships available to individuals who are interested in this field of study. The 
National Science Foundation maintains two predoctoral fellowship programs, 
poth of which support individuals who wish to study or work in the field of 
oceanography. If we are successful in encouraging a large number of competent 
individuals to apply to us for fellowships in oceanography, there will be more 
awards made in this field. Hence the problem is not so much a problem of 
making fellowships available for students who wish to pursue graduate studies 
in oceanography ; it is more a question of stimulating students to take an inter- 
est in becoming oceanographers. 

Oceanography, unlike the standard disciplines of physics, chemistry, mathe- 
maties, zoology, and the like, is considered to be a derived science: it is depend- 
ent upon these other, more basic, fields. Only one university in the country 
offers a bachelor’s degree in oceanography. As a rule, oceanographers are 
drawn into the field after they have completed a substantial amount of training 
in one or more of the basic sciences. This means that it would be possible in 
many instances for individuals who have been trained to a substantial level of 
competence in physics, let us say, to obtain additional and specialized training 
which would enable them to do work at a high level in oceanography without 
having to spend a great deal of time in the study of oceanography as a formal 
discipline. 

One of our newly developing programs will prove particularly useful in this 
connection. For each of the last 3 years we have supported a few experimental 
efforts to supply highly specialized training opportunities to augment in impor- 
tant ways the competence of already well-trained scientists and engineers. 
For example, we have supported a training program extending over several 
months to enable professors of mathematics from a number of institutions to 
learn how to use—and, more important, how to teach the use of—advanced 
electronic computers. We call such projects special field institutes. We all 
can agree that oceanography might well be referred to as a special field and, 
in fact, we have supported a special field institute centered on oceanographic 
problems this past summer at the Woods Hole Oceanographic Institution. This 
program can be even more useful in the future, however. 

As an illustration, we would be glad to consider a proposal from an out- 
standing oceanographic institution to plan a course of study which might in- 
yolve a number of scientists already well trained in one or more of the basic 
fields important to oceanography. At this special field institute these scientists 
could obtain specific and well-conceived instruction and experience in connection 
with the special problems encountered in research in oceanography. Such a 
special field institute, although it would not produce individuals having Ph. D.’s 
in oceanography, could within a relatively short while make it possible for 
individuals already having Ph. D.’s in such fields as physics, chemistry. geology, 
and biology to work confidently and expertly on oceanographic problems. 

Clearly, the important thing in connection with improving our research out- 
put in the general area of oceanography is to provide training for individuals 
of high ability who have a real sense of dedication to research in this field. 
In general, able students decide which field of study they wish to pursue in 
graduate school at least 1 or 2 years before they finish college. Since courses 
at the undergraduate level are not generally offered in derived fields such as 
oceanography, it is necessary to find special ways of challenging and exciting 
the interest of the typical undergraduate; otherwise, students are not given an 
opportunity to develop a conception of what a career in oceanography would be 
like prior to the time when they have made a career commitment to some 
other field of science. It is therefore essential that mechanisms be provided 
that will reach down into the college (and conceivably into the high school) 
to present to able students the challenges and the rewards of research and 
teaching careers in oceanography. 

There are four specific programs of the National Science Foundation that 
immediately come to mind in this connection. One of these is the program 
that we refer to as the undergraduate research participation program. In this 
activity the National Science Foundation provides grants which enable the par- 
ticipating universities to offer special research-oriented training opportunities 
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for undergraduates during the summer months and (in some cases) through. 
out the academic year. These training programs may be carried out On 4 
university campus, at a field station, or (conceivably) aboard an oceanographic 
vessel. 

They are centered on research opportunities which make it possible for the 
undergraduates to work in close contact with scientists who are doing 
nificant research. As it applies to the problem of increasing the number of 
students studying oceanography, this program offers the possibility of present. 
ing to highly selected undergraduate students some of the specific techniques 
of research in oceanography. It is certain that this type of program can hay 
the effect of exciting the interest of undergraduate students and turning theiy 
minds in the direction of graduate study in oceanography and, therefore, Careers 
in this field. At a lower academic level, the National Science Foundation pro- 
gram of secondary school student training programs provides a variety ¢ 
mechanisms by means of which carefully selected high school students can ly 
shown the challenges of a particular scientific field and be given an explanatig, 
of the type of work that is actually carried out in that field. This summe 
for example, the American Meteorological Society has sponsored a progran 
along exactly these lines in an effort to arouse interest on the part of a selectaj 
group of high school students in possible careers in meteorology. Simily 
programs in oceanography would undoubtedly arouse the interest of a number 
of high school students, and the Foundation would be glad to consider propogay 
for establishing and carrying out such programs. 

College teachers in the various fields relevant to oceanography need to knoy 
more about oceanography so that they can broaden the outlook of their students 
Summer institutes and conferences in oceanography, designed to meet the neoi 
of these college teachers, could become an important phase of the effort to gin 
oceanography a fuller degree of recognition, and college students a better ide 
of the rewards of careers in the field. 

The last of the NSF science education activities I shall mention is our py 
gram of visiting scientists. This program makes it possible for outstandiy | 
scientists to visit college campuses—and, to a limited extent, high schools, also— 
throughout the country, where they present to the students some of the lates 
findings in the visiting scientists’ fields. Thus far the Foundation has supporte 
programs in a number of fields, and experience has shown that this program 
is a powerful mechanism for stimulating undergraduate students to take m 
interest in graduate study and to think in terms of graduate study in the fieli 
of the visiting scientist. As a mechanism for bringing additional students inp 
oceanography, therefore, this is a particularly useful possibility, and one which 
we shall encourage oceanographers to make use of in the near future. 

The programs I have been discussing are all classified under the “Bducatin 
in the sciences” heading. My second set of suggestions relates to the researt- 
supporting operations of the National Science Foundation. These are also of 
major importance in connection with this entire problem. NSF research grants 
provide funds to enable individuals already trained in oceanography to cary 
out research in this field and in related areas of science. Grants made in sup 
port of oceanography (as in other fields) typically provide funds for the sy 
port of research assistants. The term “research assistants” is used to mem 
graduate students who are working on specific research projects. In many it 
stances these students work on their dissertation problems in connection with 
a research grant which has been supported through the NSF basic researt 
program. With the additional funds being made available to the Foundation fr 
the support of basic research, more support will go into projects related to 
oceanography and, therefore, additional support will be provided for the trait 
ing of graduate students in oceanography. 

You are well aware of the fact that, despite the great potentialities of oc 
nography for contributing toward both scientific and practical objectives, the 
study of the seas is one of the most underdeveloped areas of science today. m0 
of the reasons why we have so little knowledge of the oceans and their physicil 
and biological characteristics is that there is a critical shortage of modern lou 
range oceanographic research vessels. There simply has not been 


money available from any source to provide these relatively expensive ships 
This year, for the first time, the Foundation will be able to provide funds for 
the acquisition of such a vessel; the total cost of this ship will be approximately 
$2 million. The Foundation is currently giving serious consideration t the 
need for an additional oceanographic vessel of larger size. 
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The third major point I should like to emphasize is the fact that there are 
other Federal agencies also which are in a position to support programs to help 
up our research potential in the field of oceanography. The Office of 
Naval Research and the National Institutes of Health, for example, can pro- 
vide certain kinds of needed support through their research-support programs. 
yoreover, the National Defense Education Act provides in title IV for some 
1,500 national defense fellowships each year from academic year 1959-60 
through the academic year 1961-62. Proposals from educational institutions to 
the Department of Health, Education, and Welfare for the establishment of 
new programs of study in oceanography (or for the expansion of existing gradu- 
ate programs in this field) would be given serious consideration under the pro- 
presently authorized by the National Defense Education Act. 

The key problem which we face in this whole area is that of assuring excel- 
jence in instruction in science at all educational levels. When we have come 
close to achieving this goal we will have less difficulty in getting enough high- 

ty students to take an interest in careers in science. Therefore, we need 
to find ways of encouraging additional students to become interested in science 
and then we must not only assure high-quality instruction for them, but we 
also should find ways of helping them get information about careers. 

The National Science Foundation is concerned at present (as it has been 
concerned for a long time in the past) about the problem of determining rela- 
tive priorities of needs in various special fields of science. The Foundation has 
given consideration, for example, to programs of research in problems unique 
to the Antarctic ; it has considered as a problem area which needed special con- 
sideration the area of astronomy and, similarly, more recently, it has considered 
the special needs presented by the field of meteorology. Always, when these 
matters come up for discussion, the point is soon made that it is virtually im- 
posible to draw up a meaningful table of priorities. What is currently the 
most important field of science? How does one determine which area needs help 
most urgently? At a given point in time is it possible to find which of the 


many fields that one could pick out for special attention will lead to the great- 


est breakthroughs in the future? 

We are keenly aware of the importance of oceanography, but we are also 
aware of the importance of meteorology, solid-state physics, plasma physics, re- 
search on missile propulsion, or any one of many other fields. Experience 
demonstrates that it would be unwise to single out any one area of research and 
say that it is so much more important than others that it demands unusual and 
crash-program consideration. Hence the identification of certain limited fields 
of science so that they may be given special attention and special treatment is 
not the wise way to improve our scientific potential. Rather, we should move 
in the direction of providing adequate resources to assure a continuous increase 
in the number of young people obtaining good, basic training in the sciences at 
the high school and college level. These students would then be in a position 
to undertake graduate training in a variety of fields—not just the few that are 
of special importance today, but also those fields which are certain to arise and 
to be of crucial importance within the next 5 or 10 years. Judging from our 
past experience, the new fields that are yet to be developed may well prove to be 
more important to man’s welfare than any of those we now consider so vital 
and so much in need of expansion. 

Because science is creative, new fields of knowledge will be developed requir- 
ing more scientific personnel and research facilities. At least for the basic 
sciences, we believe it unwise to overplan and overdirect research and educa- 
tional activities. Scientific advances are creations of men—well trained and 
creative—who have a strong motivation to understand the mysteries of nature. 
Rather than developing a kind of “Maginot line” of technology, we believe we 
must respond to the curiosity and competence of creative scientists, for it is 
these-scientists who are to create the new fields of technology. 

The problem of improving research and training in oceanography has been 
a matter of concern to the National Science Foundation for some time. We have 
already reached the conclusion that our efforts to secure participation in our 
activities by oceanographers should be expanded. We can therefore confidently 
Predict a significant increase in our support of oceanography within the next 
year. Similar efforts to appraise the place of oceanography in their programs 
are being carried out by other Government groups, and we can expect these 


, Studies also to lead to an expansion of Federal support of this field. 
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To summarize, we recognize that there is a growing and recognizable 
for more competent oceanographers. However, we recognize also that there 
a number of fields in which we have a shortage of highly competent scien 
and our greatest effort should be made to alleviate the overall problem. We 
lieve this can be done by interesting more of our able young people in the, 
tellectual challenges and career opportunities in all fields of science ang tech. 
nology. Our approach to this problem was described to you in our Previous gp 
pearance before your committee. 

We also believe that we should, along with other agencies of the Federa} Gor. 
ernment, continue to study methods of support of special areas of Science ay 
technology. We will continue to make a special effort to stimulate the scientig 
community in these special areas by encouraging both students and Scientists t 
apply for fellowship and research grants for support from the Foundation gy 
by encouraging greater participation in other programs of the Foundation, i, 
cluding those of special field institutes, visiting scientist programs for both @ 
lege and high school, summer training programs in science and engineering, cane 
information booklets, and various other programs designed to motivate Student 
and to increase the quality of education in the sciences. 

In view of the considerations I have outlined, we do not recommend 
of H.R. 6298. We will be glad to attempt to answer any questions you may hy 
on these matters. 

Mr. Brooxs. Your opposition to H.R. 6298 is due to the fact thy 
you think the approach to this is more basic; that is, it should begi 
at a lower level, and we should educate our people generally to} 
more interested in earth sciences, and then, with that broad base ay 
broad background, you would approach this problem more specificaly 
later on. 

Dr. Ketiy. Yes,sir. We recognize there is this shortage of high} 
competent men in all fields of science. 

Mr. Brooks. Do you have any thoughts in mind that you woul 
ae as a broadening of the base in H.R. 6298 or which wou 
reframe or readapt that bill to be more in line with your thoughts a 
ideas there ? 

Dr. Kexiy. I think what we should do, in addition to is 
all-out effort in cooperation with the earth scientists, oceanograp 
space science group, is to encourage the scientists and engineers 
work cooperatively with our educators and teachers in high schoo 
help increase the quality and number of young people entering scien 
give sufficient research rt Be and this is the thing Mr. Sisk ws 
driving at, to make the field challenging for them to get into, Ther 
must be jobs for these " or no amount of money can attract then 
There must be intellectual challenges, so research must be supportel 
and facilities such as oceanographic vessels should be made availabk 

Mr. Brooks. You refer to oceanographic vessels. You are pit 
chasing one 

Dr. Ketity. Weare that. 

Mr. Brooks. What kind of vessel is that you are going to buy! 

Dr. Ketxy. I would like to refer to Dr. Hanson on this. 

Dr. Hanson. This is a ship to replace the Atlantis at Woods Hoh 
Oceanographic Institution. 

Mr. Brooks. Is that the only vessel we have at this time? 

Dr. Hanson. The only one in that budget; yes. 

Mr. Brooks. That is to replace the Atlantis, you say ? 

Dr. Hanson. That is right. 

Mr. Brooks. You will retire the Atlantis, then ? 

Dr. Hanson. That is right. 
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Mr. Brooxs. Then we will have one oceanographic vessel, and that 
igall we will have? — 

Dr. Hanson. Yes; in the NSF. 

Mr. Brooxs. The others are with the Navy or with the Coast Guard ? 

Dr. Ketuy. The Navy has some, and gives logistic support to this 
work. 1 believe there are about four. Perhaps we should ask Dr. 
Riley, if he is still here. 

Dr. Ruzy. The Navy recently has supplied two vessels: one to 
Woods Hole and another to Scripps. These are essentially replace- 
ments of old vessels. I could not tell you exactly what is the total 
oceanographic fleet in this country. 


STATEMENT OF RICHARD C. VETTER, EXECUTIVE SECRETARY, 
OCEANOGRAPHIC COMMITTEE, NATIONAL ACADEMY OF SCI- 


ENCES 


Mr. Verrer. There are approximately 11 seagoing oceanographic 
research ships that are now being used by private, nonprofit oceano- 
phic institutions. All of these are obsolete and, with one excep- 
tion, the Atlantis, they are conversions of other types of ships to ocea- 


nography purposes. 
© kniy. I want to refer to this report which the Committee 


made. 

Mr. Brooks. I read that report. 

Dr. Ketty. On page 12 there would be an answer to your question 
of the total fleet. It is in book 1 of “Oceanography, 1960 to 1970.” 
Would you like this placed in the record ? 

Mr. Brooks. Would you read the portion you have in mind? 

Dr. Kexy. Here is the 10-year plan for increasing the U.S. fleet of 
oceanographic ships. The present fleet research vessels number 11; 
military research and development, 9; survey, 18; research and fish- 
eries, 7; totaling 45. 

Mr. Brooks. So, the fleet would consist of 45. 

Mr. CarstarPHeNn. Mr. Chairman, this is Richard C. Vetter, Execu- 
tive Secretary of the Oceanographic Committee of the National Acad- 
emy of Sciences who is thoroughly familiar with the reports presently 
discussion. 

Mr. Brooxs. Who has control of those 45 vessels? 

Mr. Verrer. We have another report which has just been printed 
which gives more detail regarding the problem of oceanographic 
research ships. 

Mr. Brooxs. Have you enough copies of those? 

Mr. Verrer. It was published this week. I do not have copies. 

Mr. Brooxs. Can you let us have copies? 

Mr. Verrer. Yes; I will. 

Mr. Brooxs. And the other copy of the work on oceanography we 
can get for the members of the committee. I read it, and I think most 
of the members have seen it. 

Mr. Verrer. Briefly, the answer to your question is that the ocea- 
hographic research fleet, of which there are 11 seagoing ships now, is 
mainly in control of nonprofit oceanographic institutions or universi- 
ties. In addition to that, there are nine larger research ships that are 
classified as military research and development vessels. ese are in 
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control of the Navy, operating out of Navy laboratories. There a, 
approximately 18 s mainly devoted to survey activities, and thes 
are mixed between the Coast and Geodetic Survey and the Navy 
There are also about seven ships devoted mostly to fisheries researy, 
activities, and these are entirely under the control of the Bureay 9 
Commercial Fisheries. 

Mr. Brooxs. We do not have jurisdiction of the fisheries, ag I wy, 
derstand it. Tell me this: You have divided jurisdiction over oo, 
nography. Would it be preferable if that fleet were under one diry. 
tion and control ? 

Mr. Vetter. Are you directing that question to me, sir? 

Mr. Brooks. Yes. 

Mr. Verrer. I think not, sir. I believe I reflect the feeling of th 
members of the Committee on Oceanography in this respect—— 

Mr. Brooks. You mean this committee? 

Mr. Verrer. The National Academy on Oceanography, who wr 
this report. 

Mr. Brooxs. All right. 

Mr. Verrer. In oceanography there needs to be a close associatign 
between the groups that need the information and the groups thy 
are producing the information, and we do not recouungaln’ that then 
be one central mechanism for controlling, say, all the ships that & 
oceanographic research, because there are many departments of th 
Government that have direct and very personal interest in particuly 
types of problems, and they should have the ability to see that ther 
own interests are carried out. 

In particular, I do not think it would be wise to put together the 
research ships doing work for the Navy and the research ships work- 
ing for the Bureau of Commercial Fisheries. Their interests an 
different, and they should have the flexibility of carrying out addi. 
tional and slightly different types of work. 

Mr. Brooks. Navy ships are manned by Navy crews, are they not! 
The commercial ships are manned by commercial crews. 

Mr. Verrer. That is right. There are no commercial ships in- 
volved cg in terms of reference to which you refer. The fisheries 
ships are all manned by civil service crews, as are the Coast and 
Geodetic Survey ships. 

a Paooxs, Are all of these vessels manned by Government en- 
ployees? 

Mr. Vetter. No, sir. .Research ships are manned by private citi 
zens who work and are directly sae sr by the oceans insti- 
tutions. The military research and development ships, fisheries ships, 


or others, in one way or another, are manned by Government workers ' 


Mr. Brooks. Any further questions? 

Mr. Hecuxer. I am impressed with the need for the National Sa- 
ence Foundation to move forward more aggressively in this entire 
field. I would like to pose this question: Is it not true that knowl: 
edge in the oceans which we do not now have could really be critical 
and crucial to our national defense in the future? , 

Mr. Verter. It certainly is. I think this is the very essence which 
brings this subject to attention at this time. It is a very critical sitt- 
ation. The analogy which one of the committee members made be 
fore is that by obtaining more information about the environment 1 
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which the Navy has to operate and the fisheries groups have to operate, 
thes,| We can expect to increase the efficiency by 100 to 200 percent. 

The Navy is entirely dependent upon a vast amount of oceano- 
graphic information for the effectiveness of its operations. The ability 
to forecast oceanographic parameters would be of tremendous value 
to the Navy, as it would be to fisheries groups. 

Perhaps the homeliest analogy you can draw is to compare the 
ba that the Indians had in resisting, and in fighting with, the 
dime gttlers. They were able with inferior weapons and with inferior 
communications to quite often very seriously inflict damage upon more 
highly organized and men -eaanpes troops simply because they knew 
their way around the woods much better and could find hiding places 
of th, and mechanisms of attack that were unknown and unappreciated by 
the paleface from the city. 
It is the same in the oceans. The nation which becomes intimately 
aware of all the potentialities of finding its way around the oceans 


= will have a tremendous advantage over the group which does not have 
thiscapability. 
ation Mr. cenze. What about knowledge of the effects of nuclear ex- 
tha: — for example, with oceanography contributing some part to 
“7 Mr. Verrer. Most definitely. I believe the range at which these 
f th| explosions are effective is determined to a large extent by the density 
cul; structure in the oceans. Because of the layering of density within the 
ther oceans there is a phenomenon of focusing of acoustic energy or pres- 
sure energy within the refraction process. This focusing can do very 
rth} strange t to a pressure wave and can have a great deal of effect 
vork.| upon the effectiveness or lack of effectiveness of any type of such 
;an, disturbance, whether it be nuclear explosion or just an acoustic trans- 
di. | mission. 


Mr. Hecuter. Thank you. Although I am not presently in support 
not! | of H.R. 6298, I would say that if, after a reasonable period of time, 
the National Science Foundation does not demonstrate an aggressive 
3 in-| interest in this field I may swing around back to supporting this bill. 
aries Mr. Brooxs. In line with what Mr. Hechler has been asking you, 
and want to ask this: I have heard it said that the Polaris submarine, 
for instance, would not be maneuverable or not be able to operate in 
em-| theseas unless we have a better knowledge of oceanography. Would 
you make any statement in reference to that? 
citi: Mr. Verrer. I will say that in the Navy those individuals that are 
sti: | most in favor of a dynamic and aggressive program in oceanographic 
ips, | Tesearch are submarine officers. These men are very much aware of 
em. | the advantage that they have by additional knowledge of their en- 
vironment, and certainly the Polaris missile concept is a very highly 


Sci: | refined weapons system which is very susceptible and very dependent 
tir | upon the ocean environment. I would not say it will not operate with- 
wi- | out this knowledge, but it certainly will be very dependent upon this 
ical | information. 

Mr. Brooxs. And that would be the reason, would it—at least it 
would be one of the reasons—that you use for stating you did not want 

| aunified control of your oceanographic fleet ? 
Mr. Verrer. Yes, sir; I believe so. 

in | Mr. Brooxs. Any further questions? 
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Mr. Karrn. Mr. Chairman, I think Dr. Kelly has made a fine stat, 
ment. 

If I understood your position correctly, your position is that they 
are now avenues which can be used by people who are interested in 
becoming oceanographers that are not fully being utilized. 

Dr. Ketry. That is right. 

Mr. Karru. And, No. 2, this whole program of the sciences is much 
broader than merely oceanography, and therefore you support th 
theory that first things come first and the first thing in your opinion 
is that we must broaden the teacher responsibilities or teacher trainj 
in this whole field of the sciences sad approach it from that stang 
point, which eventually will solve many of our problems, not only 
in oceanography but the overall scientific field. Do I state your posi- 
tion correctly ? 

Dr. Ketiy. Yes, sir. — I add one more thing? We are aly 
anew organization. Our budget is going up, and just this year, thanks 
to this committee, we got some blessings in the way of things we think 
should be done in science. This committee gave us freedom and g 
the same time responsibility in increasing our efforts in direct support 
of science and education in the sciences. 

Mr. Brooxs. I think everybody on the committee wants to keep m 
giving you a push. 

Dr. Ketiy. So that we can get into these areas with time. Webe 
an with a very low amount of money in our first year, and as ou 
udget does increase—— 

Mr. Karrn. Is that not primarily your problem? You have about 
all the authority you need. You can get involved in as many fellov. 
ships as you can financially gen Is that true? All you need is 
the money from Congress to do these things that are being suggested! 

Dr. Ketiy. Yes, sir. 

Mr. Karrn. You have the authority and the potential. 

Dr. Ketty. Yes, sir. 

Mr. Kartu. You have the a in your own department. You 
feel you can accomplish not only oceanographic studies, but other 
scientific advancements which we realize we must make. You can ac- 
complish these things with money; is that correct? 

Dr. Keiiy. Yes. We think, with the passage of the new amené- 
ment, we do have this authority. Might I add something else to make 
sure Mr. Hechler will not be disappointed with us when he looks to 
see whether we have really stinvaleted these special areas? 

Please remember that we are not a military agency. We are sup- 
a basic research in education of the sciences. The problem! 

ave heard discussed involved submarine detection, sonar, and the 
like. We think this is a function of the U.S. Navy, and not the Ne- 
tional Science Foundation. Basic research, which includes earth 
sciences and oceanography, falls on us, but not the military applica- 
tions. 

Mr. Brooxs. One moment, Doctor—of course, the application of the 
principles are the problems of the Navy, but the actual study of earth 


sciences surely is your problem. 
Dr. Ketiy. Yes, sir. 
Mr. Brooxs. Oceanography is merely one of the earth’s sciences, 
it not? 
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Dr. Ketty. That is right. 

Mr. Brooxs. When you ——- oceanography you certainly would 
not keep from the Navy or the other Defense Department services in- 
formation which they need for the proper handling of their vessels 
and submarines 4 

Dr. Kexiy. Indeed not. Some of the applications are being sup- 

rted by the military and we see no reason why they should not be. 
Pasic knowledge about the oceans, physics, chemistry, and biology we 
would and do 

Mr. Brooxs. Would you say that Matthew Fontaine Maury, who is 
a Navy man, by the way, is the first onisinnisng individual in this 
country who began a study of the ocean depths? Was he the fore- 
runner of the science of oceanography ? 

Mr. Verrer. We can put that hat on him; yes. 

Dr. Rizr. Ben Franklin was perhaps the first one. He made 

ionificant contributions. 

. Brooks. Would you put Maury in there at all? 

Dr. Ruxy. Indeed, I would. 

Mr. Brooks. He is one of the ones who in this country started the 
sience of oceanography. Any further questions ? 

(No response. ) 

Mr. Brooxs. If not, we certainly thank you, gentlemen, because this 
morning the work was more or less exploratory. 

I would like to ask members of the committee to remain with me 
a few moments in executive session. 

We will thank all of you for being here this morning and giving 
such fine contributions to the work of this committee. 

(Whereupon the committee adjourned at 12 noon.) 
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